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ABSTRACT 
This pebble and heavy mineral provenance investigation of 
glaciofluvial terraces was undertaken to determine both the source and 
relative contribution of individual canyons, and the downstream rate of 
mixing of glaciofluvial sediments. 
In the Copper Basin, Wildhorse Basin, and the North Fork Basin, 
ten major source areas are defined by pebble lithologies, and eleven 
populations are identified from the heavy mineral suites. 
Five source areas were defined in the Copper Basin. Lake Creek 
Canyon was the source area for terraces on the eastern side of the 
basin.  Terraces on the western side of the basin were sourced from 
Broad, Bellas, Howell, and Ramey Canyons.  In addition, three smaller, 
localized source areas were identified. They are:  (1) Corral Creek, 
(2) Star Hope and Muldoon Canyons, and (3) Anderson, Smelter, Steve, 
Charcoal, and Coal Canyons. 
Two source areas were identified in the Wildhorse Basin. 
Wildhorse Creek sourced the terraces on the western flank of Wildhorse 
Canyon while deposits on the eastern side of the valley are sourced from 
Fall Creek. 
In the North Fork area the principal sources of glaciofluvial 
sediments were:  (1) the North Fork of the Big Lost River, (2) Summit 
Creek, (3) Kane Creek, and (4) Phi Kappa Creek. 
Deposits from each source area are defined by the following 
distinctive lithologies and heavy minerals: 
1. Anderson, Smelter, Steve, Charcoal, and Coal Canyons 
Lithology: volcanic 
Heavy Mineral: clinopyroxene 
2. Broad, Bellas, Howell, and Ramey Canyons 
Lithology: pink porphyritic granite 
Heavy Minerals: biotite and monazite 
3. Corral Creek Canyon 
Lithology: white porphyritic granite 
Heavy Minerals: opaques and biotite 
4. Fall Creek Canyon 
Lithologies: quartz monzonite and pink porphyritic 
granite 
Heavy Minerals: hornblende, monazite, and sphene 
5. Kane Canyon 
Lithology: metamorphic 
Heavy Minerals: biotite, hornblende, diopside, garnet, 
and topaz 
6. Lake Creek Canyon 
Lithology: quartz monzonite 
Heavy Minerals: hornblende and epidote 
7. North Fork of the Big Lost River 
Lithologies: sandstone, black chert, and volcanic 
Heavy Mineral: opaques 
8. Phi Kappa Creek Canyon 
Lithology: no distinctive lithology 
Heavy Minerals: spinel and diopside 
9. Star Hope and Muldoon Canyons 
Lithology: clastic 
Heavy Mineral: opaques 
10. Summit Creek Canyon 
Lithologies: granite and clastic 
£eavy Mineral: opaques.,. 
11. Wildhorse Canyon 
Lithology: metamorphic 
Heavy Minerals: hornblende, diopside, calcite, and 
garnet 
In some instances outwash provenance can be used to decipher the 
glacial history and dynamics of.certain areas. For example, blockage of 
Star Hope and Muldoon Canyons by Lake Creek and Broad Canyon ice 
lobes, and the readvances of the Lake Creek and the Fall Creek lobes is 
supported by outwash provenance data. 
Aspects consanguineous with deglaciation features are dilution 
effects by non-glacially derived material, heterogeneous ice marginal 
drainage patterns, and development of proglacial lakes along Summit 
Creek and the East Fork of the Big Lost River. 
Pebbles are valuable primary tools for identification of outwash 
paths but are. subject to loss by attrition. Heavy mineral provenance is 
more useful because compositional subtleties are reflected for greater 
distances and because of minimal mass loss in the sand sized grains. 
Pedogenic processes affect the calcite, clinopyroxene, and hornblende 
content of the terrace deposits. 
INTRODUCTION 
Overview and Purpose 
The headwaters of the Big Lost River in south-central Idaho are 
sourced from three distinct drainage basins, each having its own 
tributary system. Pleistocene glaciation along the same drainage 
pattern is evidenced by the erosional and depositional morphology of the 
region. The characteristics and distribution of moraines and outwash 
gravels indicate multiple glaciations. Over the past several years, the 
glacial and glaciofluvial deposits of the catchment areas have been 
systematically mapped and assigned relative ages by Wigley (1976), 
Stewart (1977), and Cotter (1980).  In addition, detailed till 
provenance investigations have been undertaken in the same regions by 
Pasquini (1976), Repsher (1980), and Brugger et al., (1983). 
The purpose of this investigation is to examine deglaciation 
dispersion patterns of glaciofluvial sediments. The identification of 
major ice and outwash source areas and the verification of distribution 
paths of lithologic and mineral species provides quantitative support 
for previous glacial mapping and concurrent till provenance studies. 
Location 
The study area encompasses approximately 900 square kilometers 
(350 square miles) in the southern Pioneer Mountains of south-central 
Idaho (Figure 1). Elevations vary between 2130 meters (7,000 feet) in. 
the intermontaine depressions to 3660 meters (12,000 feet) on the 
surrounding peaks. The mountainous terrain divides the headwater 
drainage of the Big Lost River into three separate catchment basins: 
The Copper Basin Drainage, the Wildhorse Canyon Drainage, and the North 
Fork Drainage (Figure 2). 
Bedrock Geology 
The diversity of bedrock in the drainage basins prqvides 
distinctive provenance suites. Lithologies include metamorphic, 
igneous, volcanic, clastic, and calcareous assemblages. Figure 3 is the 
generalized lithology map modified from Nelson and Ross (1969), Dover 
et al., (1976), and Pasquini (1976). 
The stratigraphic section (Table 1) includes Precambrian through 
Tertiary bedrock. The Precambrian Gneiss Complex of Wildhorse Creek is 
located in the upper Wildhorse Canyon and Kane Creek regions. These 
metamorphosed rocks form the bedrock core of the area. Several dif- 
ferent member units give the Gneiss Complex a distinctive heterogeneous 
appearance. The basal quartzitic gneiss is alternately garnet, biotite, 
or feldspar rich and is overlain by a marble marker band. The upper 
beds have a higher mafic and lower feldspar content than the lighter 
granitic sections. Amphibolite layers are prevalent throughout the 
complex.   ..■-•,. 
The metasediments of the Hyndman and East Fork Formations are 
exposed in the vicinity of Box and East Fork Canyons below Wildhorse and 
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PRECAMBRIAN PALEOZOIC TERTIARY QUATERNARY 
Kane Creeks. These formations overlie the core gneiss complex and have 
undergone extensive thrust faulting. 
The Hyndman Formation, which is Cambrian to middle Ordovician in 
age, includes pelitic schists, gneissose quartzite, and calc-silicate 
rocks. The upper Ordovican East Fork Formation is composed of dolomitic 
marble, vitreous quartzite, calcitic marble, and massive quartzite 
(Dover, 1969). 
The Ordovician through lower Silurian Trail Creek and Phi Kappa 
Formations are located along sections of Trail Creek. These black and 
gray argillaceous rocks containing graptolite fossils have been locally 
converted to phyllite and slate. 
Dover et al., (1976) have subdivided the Trail Creek and Phi Kappa 
Formations into an additional unit of undifferentiated Argillaceous • 
Rocks. These upper Silurian and Devonian age beds outcrop along the 
upper portion of Summit Creek, Trail Creek, and the North Fork of the 
Big tost River. 
The lower Mississippian to middle Pennsylvanian Copper Basin Group 
is the most extensive sequence within the study area. The interbedded 
argillite, conglomerate, quartzite, and limestone formations are found 
throughout the central section of the North Fork drainage basin, the 
lower portion of the Wildhorse and Fall Creek region, in the vicinity of 
Cabin and Steve Creeks, and in Bear, Star Hope, and Muldoon Canyons of 
the Copper Basin. 
The Copper Basin Group was orginally called a Formation by Ross 
(1962) but was given group status by Paull et al., (1972) and divided 
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into the following six units:  the Milligen Formation, the Drummond Mine 
Limestone, the Scorpion Mountain Formation, the Muldoon Canyon 
Formation (containing the Green Lake Limestone member), the Brockie Lake 
Conglomerate, and the Iron Bog Creek Formation (oldest to youngest, 
respectively). Sandburg (1975) dated the Milligen Formation as Devonian 
which prompted Paul1 and Gruber (1977) to revise the previous 
stratigraphy and use the term Little Copper Formation as a replacement 
name for the Milligen Formation. 
Dover et al., (1976) assign the Copper Basin group to the 
Mississippian period and recognize two structural units: the Glide 
Mountain plate and the Copper Basin plate. The latter comprises three 
units:  the Upper Clastic Unit (youngest), the Drummond Mine Limestone 
and the Lower Clastic Unit (oldest). The Copper Basin plate, therefore, 
includes most of the stratigraphy described by Paull and his co-workers 
(1972, 1977). Clearly, the structural-stratigraphic relationships 
between the various units are complex and to date remain unresolved. 
The last Paleozoic unit in the section is the Wood River Formation. 
Dover et al., (1976) map this system as Lower and Upper parts of the 
Wood River Formation abbreviating the work of Hall et al., (1974). 
The Lower Unit is a middle Pennsylvanian chert conglomerate interbedded 
with quartzite and a sandy limestone. The Upper Unit belongs to the 
late Pennsylvanian through middle Permian period and is a thick series 
of calcareous sandstones, limestones, and quartzites. Outcrops of the 
Formation are located along Trail Creek and the upper portion of the 
North Fork of the Big Lost River. 
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Post-dating the orogenic folding and faulting, and resting with 
angular discordance on the Paleozoic rocks is the Smiley Creek 
Conglomerate. This late Cretaceous to Paleocene unit is predominately 
a quartzite pebble and boulder conglomerate with lenses of sandstone and 
red siltstone. The Brockie Lake Conglomerate makes up a large portion 
of the clasts along with other Paleozoic rocks. The coarse grained 
quartz matrix is generally less well-indurated than the clasts and as a 
result the pebbles have a higher relief than the matrix. The unit is 
commonly iron stained. The Smiley Creek is interpreted as a 
fanglomerate, varying between 0 and 137 meters (450 feet) in thickness, 
and is found in widely scattered pockets throughout the region. 
The sedimentary succession is intruded by Eocene plutons 
collectively referred to as the Quartz Monzonite Stocks of Summit and 
Lake Creeks. The plutons have a variable composition ranging from 
quartz monzonite to granodiorite. Three intrusives are observed in the 
Copper Basin area (Pasquini, 1976). A light colored medium grained 
quartz monzonite is found in Lake Creek Canyon and a medium grained 
white prophyritic granite is seen along the upper region of Corral 
Creek. The third intrusive, a course grained pink porphyritic granite 
located at the head of Broad, Bellas, Howell, and Ramey Canyons, in the 
Copper Basin and along Fall and the Left Fork of Fall Creeks in the 
Wildhorse Canyon drainage, is part of a large pluton that separates the 
sedimentary and volcanic rocks of the Copper Basin from the Wildhorse 
Gneiss Complex. Granitic outcrops also occur in Kane Canyon and along 
13 
<& 
Summit Creek near Little Fall, Big Fall, and Phi Kappa Creeks.  Smaller 
and slightly later aged quartz porphry stocks are found near the 
headwaters of the North Fork of the Big Lost River. 
The remaining bedrock consists of the Challis Volcanics. Citrone 
(1978) found the unit includes: andesites, agglomerates, dacites, 
obsidians, tuffs, and trachyites. These Tertiary extrusives can be 
differentiated in hand specimens, but no breakdown of the group will be 
attempted in this investigation. 
Glacial Geology ^ 
The glacial sequence known as the "Idaho Glacial Model" (Table 2) 
used in the Pioneer Mountains has been proposed by Evenson et al., (in 
press). Three periods of glacial activity from oldest to youngest are 
named the "Pioneer", "Copper Basin", and "Potholes" Glaciations 
respectively. They have been identified from detailed mapping and 
relative age dating of terrace and morainic deposits of the Pioneer 
Mountains within three basins locally known as the Copper Basin, 
Wildhorse Canyon, and the North Fork drainage. 
The Pioneer, Copper Basin, and Potholes Glaciations are correlated 
with the "Rocky Mountain Glacial Model" of Mears (1974) as shown in 
Table 2. Yet, because no absolute physical correlation exists, this 
model provides separate stratigraphic nomenclature to facilitate changes 
14 
STRATIGRAPHIC CORRELATIONS NOMENCLATURE AND CORRELATIONS WITHIN 
THE IDAHO GLACIAL MODEL 
Rocky Mountain 
Glacial Model 
Idaho Glacial 
Model 
Copper 
Basin 
Wildhorse 
Canyon 
North Fork 
Drainage 
Modified from 
Hears (1974) 
Evenson et al. 
(In Press) 
Wigley (1976) 
Event 
Stewart (1977) 
Event 
Cotter (1980) 
Event 
Pinedale 
Glaciation 
Potholes 
Glaciation 
Road       IV 
Creek     III 
Advance    II 
I 
V 
Wildhorse   IV 
Canyon     III 
Advance     II 
I 
North     IV 
Fork     III 
Advance   II 
I 
Bull Lake 
Glaciation 
Copper Basin 
Glaciation 
Ramey      II Devil's    IT Kane 
Canyon 
Advance Advance     I Advance     I 
Pre-Bull Lake 
Glaciation 
Pioneer 
Glaciation 
Bellas 
Canyon 
Advance (?) 
Pole 
Creek 
Advance (?) 
Not 
Recognized 
Table 2: Stratigraphic nomenclature used in this thesis and correlation with 
the Rocky Mountain Glacial Model (Modified from Evenson et al.,- -in 
press). 
if they become necessary as the understanding of the glacial history of 
the Pioneer Mountains develops. 
A. Glaciation along the Big Lost River 
Early investigation of the glacial deposits along the headwaters 
of the Big Lost River are extremely general. Umplebyet al., (1930), 
Sweeney (1957), Dover (1966), Nelson and Ross (1969), and Dover et al., 
(1976) report the presence of glacial features in the various catchment 
areas but limit differentiation of the deposits to a broad grouping in 
the Pleistocene epoch. Detailed investigations of the glacial history 
of the area were conducted by Wigley (1976), Pasquini (1976), Stewart 
(1977), Cotter (1980), Repsher (1980), and Brugger et al., (1983). 
The most commonly used criteria for differentiating alpine glacial 
deposits are relative age criteria. The Pioneer, Copper Basin, and 
Potholes age features are differentiated on the basis of morphology, 
lateral extent, and weathering and are discussed in the following 
sections. 
1. Pioneer Glaciation 
The Pioneer glaciation is the oldest recognized glaciation within 
the study area. Evenson et al., (in press) proposed the local names 
"Bellas Canyon Advance" and "Pole Creek Advance" to replace the name 
"Pre-Bull Lake" for the deposits mapped by Wigley (1976) and Stewart 
(1977) in the Copper Basin and Wildhorse drainage, respectively. Only 
three isolated deposits have been assigned to the Pioneer glaciation. 
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These highly weathered gravels are elevated 200-250 meters (650-820 
feet) above the current river level. No deposits of this age were 
recognized by Cotter (1980) in the North Fork drainage. 
2. Copper Basin Glaciation 
Two stades of Copper Basin glaciation have been identified on the 
basis of moraines that can be traced to discrete outwash terraces in the 
Copper Basin and Wildhorse Canyon. The earlier Copper Basin stade is 
represented by scattered terraces 60 meters (200 feet) above the present 
drainage. The later Copper Basin terraces are well preserved at a 40 
meter (130 feet) elevation (Wigley, 1976). The distinct outwash gravels 
clearly mark two events, although the tills remain undifferentiated with 
respect to age in the Copper Basin and Wildhorse Canyon. Deposits of 
the Copper Basin glaciation are named "Ramey Creek" and "Devil's 
Bedstead" in the Copper Basin and Wildhorse Canyon respectively (Evenson 
et al., in press).  In the North Fork drainage, subdivision of the time 
equivalent "Kane Canyon" deposits is impossible (Cotter, 1980). 
The advances of the Copper Basin glaciation were more extensive 
than the later Potholes events since the associated deposits are found 
farther down the valley (Figure 4). The features show a more subdued, 
mature topography. The boulder surfaces are highly pitted due to the 
greater age and exposure to weathering. Correspondingly, there is a 
higher clay content in the deposits resulting from the longer period of 
soil formation (Stewart, 1977). 
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■ Till correlated with Copper Basin Glaciation 
D Till correlated with Potholes Glaciation 
(1 - oldest, 4= youngest, u = undifferenttated) 
Figure 4 Generalized map of the glacial 
geology (from Wigley, 1976; 
Stewart, 1977; and Cotter., 1980] 
3.  Potholes Glaciation 
The youngest glacial deposits belong 'to the Potholes gladation 
which can be differentiated into multiple events. The previously mapped 
Pinedale deposits have been renamed the "Road Creek Advance" in the 
Copper Basin,' the "Wildhorse Canyon Advance" in Wildhorse Canyon, and 
the "North Fork Advance" in the North Fork drainage. The outwash of the 
four events of the Potholes glaciation are preserved at variable 
elevations between 1.5 and 20 meters (5-65 feet) above the present river 
height. Pinedale moraines, as described by Richmond (1965) in the Rocky 
Mountains, are steep, irregular, show numerous fresh surface boulders, 
and commonly have kettles which seasonally contain' water. The moraines 
are not extensively breached by erosion. Moraines of the Potholes 
glaciation, which are correlated to the Pinedale glaciation of the Rocky 
Mountain Glacial Model, conform morphologically to those described by 
Richmond (1965) at the type locality. 
B.  Glaciofluvial Terraces 
Glaciers forming in response to the climate have a direct effect 
on the hydraulic forces in the area by altering the water and sediment 
concentrations in the fluvial system.  In response to ablation 
processes and backwasting affecting the ice, the sediment load of the 
ice marginal fluvial system is increased and proglacial streams deposit 
this debris downstream. Aggradation occurs as the volume of meltwater 
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decreases and the competency of the streams gradually falls. Aggrada- 
tion conditions will last until melting ice no longer contributes the 
coarse debris and/or the volume of water heeded to move the channel 
material. This material is subsequently entrenched by lower discharge 
streams that occupy the valley as the glacier recedes and the sediment 
load decreases. 
At the front edge of the glacier, where the coarser debris 
accumulates, outwash plains may be steeply inclined (4-7°). Mechanical 
fragmentation of the larger rocks occurs in this environment. The finer 
fraction is moved further downstream by large amounts of high velocity 
meltwater. Glacier streams have larger discharges and higher capacities 
than most comparable modern rivers. Materials underlying a terrace may 
be coarser than the materials presently in transport by the stream. 
Generally, glacial terraces are composed of gravel, but cases do exist 
where the materials are graded from silt to gravel sized particles, with 
no change being noted in terrace morphology. The degree of shaping and 
sorting of the sediments is dependent on the distance of transport from 
the end moraine. Nelson and Ross (1969) point out that the outwash 
material in the Mackay quadrangle is composed, of gravel, sand, and silt 
and is "sufficiently well sorted and rounded to indicate deposition by 
water rather than ice". They state that the valley glaciers in the area 
supplied the detritus to the lowlands .as they melted producing the 
material incorporated in the run-off. Terraces are found along the 
stream valleys and indicate deposition and erosion at higher elevations. 
Normally, the highest terrace in a sequence is the oldest and the lower 
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terraces are progressively younger. Correlation of outwash sequences is 
possible by examining the areal continuity and proximal relationships 
between terraces and associated end moraines. 
Pebble Provenance 
Qualitative work on till pebble provenance dates back to Udden's 
study in 1899, of Cretaceous pebbles in Iowa. Later workers 
(MacClintock, 1933; Holmes, 1952; Dreimanis and Reavely, 1953; Anderson, 
1955, 1957; Arneman and Wright, 1959; and Frye et al., 1969) performed 
quantitative pebble provenance studies to determine the direction of ice 
movement and to correlate and differentiate drift sheets on the basis of 
lithologic variations in the pebble-sized components of the till. 
Dilution of the pebble percentage from any given source in tills, occurs 
with increasing distance from the point of origin, a phenomenon that has 
been documented in the tills of the study area (Pasquini, 1976; Repsher, 
1980; and Brugger et al., 1983). 
Heavy Mineral Provenance 
Gravenor (1951) used heavy minerals to determine the source of 
till in southwestern Ontario. Since then, many others have used heavy 
mineral analysis on tills and gravels to differentiate, correlate, and 
determine where glacial deposits originate (Dreimanis and Reavely, 1953; 
Anderson, 1955, 1957; Frye, Willman, and Glass, 1964; Frye, Glass, 
Kempton, and Willman, 1969; Dreimanis and Goldthwaite, 1973; 
Pasquini, 1976; Repsher, 1980; and Brugger et al., 1983). 
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Mathis (1944) was one of the first to date and correlate terraces 
on the basis of heavy mineral suites and the relative abundance of 
specific species in each level. Plumley (1948) reported that the sand 
fraction survives longer distances with less mass loss than the larger 
rock fragments. Since the heavy minerals are found in the sand sized 
fraction, they would be more useful than pebble counts in determining 
distant source areas. 
Field Work 
The first stage of field work involved outcrop examination of the 
•a 
various lithologic units. Emphasis was placed on making identifications 
that were consistent with previous and concurrent work. A reference 
collection of all l'ithologies was obtained and is on file at the 
Department of Geological Sciences at Lehigh University. 
.The second stage Of the field work involved sampling the terrace 
deposits within the confines of each glaciated canyon to typify the 
lithologic and mineralogic assemblage coming from each canyon. 
Finally, a third stage of intensive sampling was carried out along 
downstream terraces and where tributaries joined. Sample sites were 
located by superimposing a sampling grid over an aerial photograph of 
the deposits. Bnphasis was placed on sections where tributaries,:joined 
and where multiple terrace sequences were observed. 
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At each sample site (N=165) a pit 40 x 40 x 40 centimeters was 
excavated and 100 pebbles, 2-8 centimeters in size, were collected, 
split, and identified with the aid of a hand lens.  The fifteen "rock 
types" that were recognized include:  1) argillite, 2) conglomerate, 
3) quartzite, 4) white quartz, 5) limestone, 6) sandstone, 7) black 
chert, 8) volcanic, 9) metamorphic, 10) monzonite, 11) pink porphyritic 
granite, 12) white porphyritic granite, 13) granite, 14) undifferent- 
iated igneous, and 15) altered. A grab sample of the matrix was also 
collected from the bottom of each pit for later heavy mineral analysis. 
In addition, sand and pebble samples were collected from the active 
channels of the main rivers and creeks. Boulders were absent at all but 
two sampling sites. At the two sites with boulders the lithology of 100 
boulders was determined.  Pebble count sample sites are located on 
Figure 5, Plate 1, and Plate 2. 
Laboratory Analysis of Heavy Mineral Suites 
Several steps were involved in preparing the matrix sample for 
heavy mineral analysis. The sample was first homogenized and quartered. 
Dispersant (sodium hexametaphosphate) was added to one quarter 
(approximately 100 grams) to prevent clay flocculations.  The sample was 
then wet sieved to remove the silt and clay sized material, using 
standard 20 and 40 sieves (250 and 62.5 microns respectively). The 20 
sieve was used to prevent damage to the finer mesh sieve. The fractions 
were washed with water to remove the larger organic particles. Removal 
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PEBBLE COUNT 
£> HEAVY MINERAL SAMPLE 8 
PEBBLE COUNT 
V HEAVY MINERAL SAMPLE 
.    (darkened symbols for clarity) 
Figure 5: Locations of pebble and heavy 
mineral sample sites (see 
Plates 1, 2, and 3 for exact 
locations). 
of the remaining' organics was accomplished by a sodium hypochlorite 
treatment; 50 milliliters of> sodium hypochlorite was added to the 
sized fractions in a 90° C water bath. After 15 minutes,-the sodium 
hypochlorite solution was decanted off and the sample was repeatedly 
rinsed with water. The separates were oven dried and then dry sieved 
for 10 minutes to separate the 00 to 40 (1.0 to .0625 millimeters) sizes 
at one phi intervals. Heavy liquid separations were made on. the '30 
fraction  (.125 millimeters) using tetrabromoethane adjusted to a 
density of 2.75.  Plastic centrifuge tubes containing the■30 fraction 
and tetrabromoethane were shaken and placed in an ultrasonic bath for 30 
minutes to insure that all grains were covered by the heavy liquid. The 
vials were undisturbed for one hour to allow for the gravitational 
settling of the mineral grains in the dense liquid. • The heavy minerals 
were syphoned off the bottom of the tube with a syringe and the separat- 
ed heavy and light minerals were placed in funnels and repeatedly washed 
with acetone to recover the tetrabromoetha'ne. ■ Slides were made of the 
dried heavy mineral fraction using Lakeside mounting medium. A hand 
magnet was used on all separated fractions prior to mounting to remove 
the magnetic components. 
Identification of heavy minerals was accomplished with the aid of 
a petrographic microscope-using form, color, pleochroism, extinction 
angle, 2V, optical sign, and interference figure. A mechanical stage on 
the microscope was used to count 400 grains on each slide. 
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A total of 101 sample sites were analyzed for heavy mineral content. 
Samprle sites where heavy mineral identifications were made are located 
on Figure 5 and Plate 3. 
Analysis of Data 
The tabulated data was visually examined and plotted on base maps. 
Many trends and specific assemblages were apparent. Computer analysis 
was deemed to be unsatisfactory in handling the data from all three 
catchment regions. The relatively large study area results in some 
samples having similar lithologic and mineralogic suites because of 
repetitious but independent bedrock sources. The computer would group 
all samples of specific compositions together even though they may be 
located at opposite ends of the study area. 
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RESULTS 
Provenance determination of the outwash deposits based on pebble 
lithologies and heavy minerals was enhanced by the existence of several 
unique lithologies and characteristic"suites of lithologies within the 
study area (Figure 3). The types of pebbles encountered in the study • 
area, the characteristic pebble suites of each major canyon, and 
the distribution of pebbles-in terrace systems outside the source 
canyons will be presented in the following section. A discussion of the 
types of heavy mineral species,•, the predominant suites of each canyon, 
and the distribution in terraces outside the canyons will follow the 
pebble data.    '   • v> 
Pebble Lithologies "      .       - 
Fifteen types of rocks have been identified in the glaciofluvial 
deposits of the study area. They are:  (1) "argillite, (2) conglomerate, 
(3) quartzite, (4) white quartz, (5) limestone, (6) sandstone, (7) black 
chert, (8). volcanic, (9) metamorphic, (10) monzonite, (11) pink 
porphyritic granite, (12) white porphyritic granite, (13) granite (14) 
undifferentiated igneous, and (15) altered. The term "clastic" is used 
to refer'to« argillite plus quartzite plus conglomerate, Pebble 
lithologic suites occurring within individual canyons were determined by 
pebble lithology counts performed on outwash within the confines of that 
particular canyon. The pebble provenance data'for all sample sites is 
shown on Plate -2. 
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The distribution of pebble lithologies in the study area is 
presented in Figures 6-14. The figures present the raw data found in 
Appendix I. The contours represent the percentage of the given mineral 
within the entire.heavy mineral suite at that location. Sample loca- 
tions are shown on Figure 5, Plate 1, and Plate 2. Contributions from 
major source areas are shown by the shaded arrows, while the unshaded 
arrows indicate contributions from minor source areas. The range of 
percentage values for each lithology is listed, with the location of 
the maximum value indicated on the map. 
Figure 6 is the percentage map of clastic pebbles, the prevalent 
lithologic type throughout'the study area. Areas of the highest clastic 
concentrations are Star Hope and Muldoon Canyons, and Summit Creek. The 
lowest percentage of elastics eminates from Lake Creek Canyon. 
Sandstone (Figure 7) and Black Chert (Figure 8) are clearly 
sourced from the North Fork of the Big Lost River. This is the only 
portion of the study area in which the undifferentiated Argillaceous 
Rocks, Trail Creek and Phi Kappa, and Wood River Formations outcrop. 
The percent concentration of limestone pebbles is illustrated in 
Figure 9. Concentrations are found along Dry Canyon and in Wildhorse 
and Fall Creeks'. Limestone is rapidly lost by attrition and solution 
from the pebble suite and is not a valuable long distance indicator 
lithology (see discussion on page 119). 
Figure l'O is the percentage map of volcanic pebbles. The Challis 
volcanics are found throughout the study area. The Anderson Canyon 
•Complex (comprised of Anderson, Smelter, Steve, Charcoal, and Coal 
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Figure   7:      Sandstone.distribution   in 
terraces   of  the  study   area 
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Figure 8:  Black Chert distribution in 
terraces of the study area. 
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Figure   9 Limestone distribution in 
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Figure   11:      Metamorphic  distribution   in 
terraces  of  the  study  area. 
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Figure 12:  Monzonite distribution in 
terraces of the study area 
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Figure 13: Pink and white porphyritic 
granite distribution in 
terraces of the'study area 
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Figure .14:  Granite and undifferentiated 
igneous pebble distribution in 
terraces of the study'area. 
Canyons) and the North Fork of the Big Lost River '.are characterized" by 
large percentages of volcanics in their pebble suites. A high 
percentage of volcanics is similarly found near Boone Creek and will be 
discussed later.    .   , - 
. As shown by Figure 11, metamorphic pebbles are derived from only 
two source areas, Wildhorse and Kane Canyons. The value of this 
lithology as a provenance indicator is high becaus.e of the limited 
bedrock occurrence. 
Figure 12 is the percentage map of monzonite concentrations.• 
Monzonite is soureed primarily from bedrock in Fall Creek, the Left Fork 
of Fall Creek, and Lake Creek Canyon. The distribution of pink and 
white porphyritic granite is shown on Figure 13. Pink porphyritic 
granite is soureed from Fall Creek and the Left Fork of Fall Creek in 
the Wildhorse drainage basin and the Broad Canyon Complex (comprised of 
Broad, Bellas, Howell, and Ramey Canyons) of the Copper Basin. The 
locally confined white porphyritic granite comes from the Corral Creek 
region of the Copper Basin. Granite (Figure 14) is primarily derived 
from bedrock in Summit Creek, with minor amounts coming from Fall Creek. . 
Small quantities of undifferentiated igneous rocks (Figure 14) are 
associated with the North Fork of the Big Lost River, as well as other 
regions but are not useful indicator lithologies. Monzonite, pink, 
porphyritic granite, .white porphyritic granite, granite, and the 
undifferentiated igneous rocks are all derived from the quartz monzonite 
and quartz porphyry stocks found throughout the area. The differences 
in mineralogy and texture .of the various granitic lithologies are a 
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result of the composition of the magma and rate of crystallization. 
Several types of granitic rocks can occur in the same area because of 
the gradational nature of the compositions and textures. 
Figure 15 and Table 3 summarize the lithologic suites which 
characterize each source area. Lithologic suites are given in order of 
decreasing abundance. The-most diagnostic lithologies for provenance 
work are the metamorphic rocks of Wildhorse and Kane Canyons, the black -. 
chert and sandstone from the North Fork of the Big Lost River, and the 
quartz, monzonite intrusives scattered throughout the region. The value 
of the different lithologies for determining the source areas of glacial 
outwash will be discussed in the following section. ' Ail pebble count 
data is tabulated in Appendix I where lithologic species are individu- 
ally classified. Boulders were only present near the confluence of the 
East and North Forks of the Big Lost River (sample 164) and 14.5 
kilometers (9 miles) downstream at Swensen Basin (sample 165). The 
. • ' ■■'! 
boulder count data is found in Appendix II.- 
Lithologies of Major Canyons 
Using samples collected from terraces within the major canyons it 
is possible to define ten distinctly different pebble lithology suites, 
or unique collections of locally associated lithologies, each controlled 
by the bedrock composition in the major ice and meltwater producing 
canyons of the study area (Table 3).    ' 
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Table 3: Average Pebble and Heavy Mineral Populations for the Major 
Canyons.- 
Anderson/ Smelter, Steve,- Charcoal, and Coal Canyons 
•Sample numbers 5, 6, 7, 8, 9, 10, 11 
Pebbles: N=7 , ^ 
72% Volcanic 
27% Clastic 
Heavy Minerals: N=l 
• 32% Clinopyroxene 
31%* Hornblende- 
25% Opaques 
7% Biotite 
2% Diopside 
2%,Hypersthene. 
Broad, Bellas, Howell, and Ramey Canyons 
Sample numbers 35, 38, 41, 42 
Pebbles: N=4 
51'% Clastic 
29% Granite (P'ink)' 
•10% Volcanic 
7% Monzonite 
Heavy Minerals:.. N=3 
53% Biotite 
16% Hornblende 
'■ 13% Opaques 
10% Monazite 
2% Clinopyroxene 
2% Sphene ' 
2% Trace Minerals: apatite, epidote, 
topaz 
Corral Creek Canyon 
Sample' Numbers '. U 2, 3 
Pebbles: N=3 Heavy Minerals: N=2 
60% Clastic 66% Opaques 
21% Granite (Wh: ite) ■ 25% Biotite 
15% Volcanic 6% Hornblende 
2% Monazite 
. r?   _^vl%_JTrace Minerals 
Lake Creek Canyon 
Sample numbers 12, 13,. 14, 15, 16 
epidote, zircon 
Pebbles: N=5 
• 63% Monzonite 
21% Clastic 
14% Volcanic 
Heavy Minerals:. N=3 
35% Hornblende 
'-- '  30% Biotite 
23% Opaques 
6% Epidote 
3% Clinopyroxene 
1% Trace Minerals: diopside, sphene, 
topaz, zircon 
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Table 3: Continued 
Star Hope and Muldoon Canyons■ 
Sample numbers 17, 18, 19, 20, 21, 22> 23, 24, 25 
Pebbies: N=9 
85% Clastic 
16% Volcanic 
Heavy Minerals: N=5 
83% Opaques 
9%.Biotite 
•4% Hornblende 
2% Clinqpytoxene 
1% Trace. Minerals: 
Fall Creek and Left Fork of Fall Creek Canyons 
Sample numbers 90, 91, 92, 93, 94, 95 
diopside, epidote 
hypersthene, 
zircon 
Pebbles: N=6 
;  52% Clastic 
17% Morizonite 
12% Limestone 
8% Granite' 
7% Volcanic 
Heavy Minerals: N=2 
40.% Hornblende 
31% Biotite 
12%' Opaques 
9%; Monazite 
3% Sphene 
1% Trace Minerals: calcite, clinopy- 
roxene, diopside, 
epidote, spinel, 
topaz, zircon 
Wildhorse'Canyon 
Sample numbers 96, 97, 98, 99, 100 
Pebbles: N=4 
42% Metamprphic 
32% Clastic 
14% Volcanic 
10% Morizonite. 
Heavy Minerals: N=4 
35% Biotite . 
29% Hornblende 
15% Diopside 
5% Clinopyroxene 
2% Calcite 
, .1% Garnet 
1% Staurolite 
2% Trace Minerals: epidote, monazite, 
sphene 
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Table 3: Continued 
Kane Canyon 
Sample numbers 120, 121, 122, 123, 124, 125, 126, 127 
Pebbles: N=8 
72% Clastic 
14% Volcanic. 
11% Metamorphic 
Heavy Minerals: N=6 
36% Biotite 
.31% Hornblende 
24% Opaques 
i -3% Diopside 
2% Clinopyroxene 
4% Trace Minerals: apatite, garnet, 
hypersthene, 
mona z i te, sphene, 
topaz, zircon . 
North Fork of the Big Lost River 
Sample numbers 140, 141, 142, 143, 144, 145, 146, 
% 
Pebbles: N=7 
57% Clastic 
31% Volcanic 
5% Sandstone 
2% Black Chert 
2% Igneous (undiff.) 
Heavy Minerals: N=3 
71% Opaques 
• 1,4% Hornblende 
8% Clinopyroxene 
4% Biotite 
1% Hypersthene 
•'' 1% Trace Minerals: diopside, topaz, 
'zircon ' 
Phi Kappa Creek Canyon 
Sample number 133 
Pebbles: N=l 
71%. Clastic 
27% Granite 
2% Volcanic 
Heavy Minerals: N=l 
77% Opaques- 
9% Hornblende . 
6% Biotite 
4% Diopside 
'2% Spinel 
. 1% Monazite 
3% Trace Minerals: apatite, clino- 
pyroxener, epidote, 
garnet; sphene, 
zircon 
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Table 3: Continued 
Summit Creek Canyon 
Sample numbers 128, 129, 130, 131, 132," 133,.'134, 135, 136, 137, 
138 • 
Pebbles: N=ll .Heavy Minerals:. N=7  , • 
80% Clastic ' 67% Opaques 
15% Granite 20%'Biotite-. 
2% Volcanic 7% Hornblende 
1% Diopside 
L% Sphene 
2% Trace Minerals: apatite, clino- 
pyroxene, epidote, 
garnet, monazite, 
spinel 
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Five different pebble lithology suites have been identified in the 
Copper Basin. Quartz monzonite from Lake Creek Canyon is found in 
the eastern and northern outwash deposits of the basin. The terrace 
remnants of. the Ramey Creek and Road Creek advances beyond the maximum 
ice stand also reflect a monzonite composition. As documented by 
previous work (Pasquini, 1976; Wigley, 1976), a major ice lobe was 
sourced from the.monzonite cirques of Lake Creek Canyon (Figure 15). 
The second distinctive lithology found in the Copper Basin is the 
pink porphyritic granite from Broad, Bellas, Howell, and Ramey Canyons. 
These granites are seen predominately in the western and northern Ramey" 
Creek advance and Road Creek advance outwash deposits. fi 
The third population, the white porphyritic granite of Corral 
Creek, is not found bejfond the tributary canyon. Marginal contributions 
from this locally confined source were probably made to the Lake Creek 
outwash. 
The clastic assemblage dominating Star Hope and Muldoon Canyon 
outwash deposits and the fourth provenance suite, abruptly stops beyond 
the mouths of the respective canyons when Broad Canyon and Lake Creek 
Canyon tributaries join the outwash and dilute the percentage of 
1--' 
clastic lithologies. The last area in the Copper Basin and the fifth 
provenance suite, is the eastern Anderson, Smelter, Steve, Charcoal, and 
Coal Canyon region. Challis volcanics are the loGally dominant 
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lithology, and like the Corral Creek and Stptr  Hope-Muldoon populations 
do not contribute as much to the outwash as do Lake Creek Canyon and the 
Broad Canyon Complex.      • .* . 
Two provenance suites are generated in the Wildhorse Canyon 
drainage. The presence or absence of Precambrian gneiss separates the 
two source areas. Metamorphic rocks are abundant in Wildhorse Creek 
outwash (samples 96,  97, 99, and 100) but completely absent in the 
deposits from Fall and the Left Fork of Fall Creeks (samples 90-95). 
The outwash along, the east side of Wildhorse Canyon reflects the Fall 
Creek source areas:  less gneiss and more monzonite. The west side of 
the drainage basin is characterized-by the.opposite: more gneiss and 
less monzonite. .  . 
The last four populations are from Kane Creek, Summit Creek, Phi 
Kappa Creek, and the North Fork of the Big Lost River. Kane Creek is 
characterized by a small but persistent amount of Precambrian gneiss 
(samples 120-123). The outwash from this canyon is abundant in 
deposits on the same (SE) side of the valley as the source area. 
Outwash from the Challis volcanic-clastic assemblage of the North Fork 
of the Big Lost River is identified by the presence of minor amounts of 
black chert, sandstone, and igneous pebbles in the terrace deposits 
upstream of the confluence of the three major tributaries (samples"" 
140-143),. The North Fork lithologies tend to be on the NW side of the 
Big Lost River, Valley (the same side of the valley asv the North Fork of 
the Big Lost River). 
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Summit Creek outwash is typified by the presence of granite and a 
high content of elastics (samples 128-138). The granite is found in 
the terraces only upstream of the confluence of Summit and Kane Creeks. 
The pebble lithology of Phi Kappa Creek is granite and elastics, the 
•f     -   ■ 
sanie as that of Summit Creek. The .Phi Kappa population, and the eleventh 
provenance suite, is only apparent in the heavy mineral fraction, and 
will be discussed under that topic (see page 72). 
v 
Heavy Mineral Species 
A total of twenty-seven heavy mineral "species" have been 
identified in the glaciofluvial deposits of the study area. The 
twenty-five non-opaque minerals are:  (1) andalusite, (2) apatite 
(including var. blue apatite), (3) biotite, (4) brookite,•(5) calcite, 
(6) clinopyroxene, (7) diopside, (8) epidote, (9) flourite, (10) garnet 
(contact and metamorphic), (11) hornblende, (12) hypersthene, 
(13) • kyanite, (14) monazite, (15) muscovite, (16) pennine, (17) rutile, 
(18) sillimanite, (19) sphene, (20) spinel,'(21) stauroldte, (22) topaz, 
(23) tourmaline, (24) zircon, and (25) zoisite. Two classes of opaque 
minerals'were differentiated as (1) magnetic and (2) npn-magnetic > ■■-- 
opaques. X-ray diffraction patterns of the magnetic portion of the 
heavy mineral suite confirm the almost exclusive presence of magnetite 
in the samples from Wildhorse Canyon and the Copper Basin. Traces of • • 
hematite are occasionally ,present. "The^non-magnetic portion-will, from' 
this point on, be "'referred to as opaques and is composed largely of 
highly altered mineral grains and rock fragments. ..On the basis of 
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quantity and occurrence only fourteen of the twenty-five species of 
non-opaque heavy minerals (calcite, zircon, clinopyroxene, hypersthene, 
apatite, biotite, epidote, hornblende; moriazite, sphene, topaz, 
diopside, spinel, and garnet) are deemed to be important as provenance 
indicators. 
An unusual blue pleochroic mineral was further analyzed by X-ray 
diffraction, using a Debeye-Scherer powder camera with a Gandalphi 
attachment. The diffraction pattern closely resembled apatite, usually 
a nonpleochroic mineral. These results prompted further (elemental)  * 
analysis with a scanning electron microscope, which revealed that 
calcium and phosphorus were the only positively charged species. This 
confirmed the mineral species to be apatite (Ca5 (^4)3 (OH, F, CL) . 
The color of apatite can vary depending on the oxidation state of 
manganese whicj^ replaces the calcium in the structure. For example,„ 
Mn  produces pale pink, and blue colors in the mineral, Mn+3 the color 
blue, and Mn+7 the color violet. Colored detrital grains exhibit( 
moderate pleochroism. 
Heavy Mineral Specie's of Major Canyons 
The distribution of heavy minerals in the study area is presented, 
in Figures 16 -through 30. The figures (16-30) diagramatically 
present the raw heavy mineral data found in Appendix III. The contours 
represent the percentage of the given mineral at that particular 
location. Sample locations are those shown on Figure 5, Plate 1, and 
Plate 3. Contributions' from major source areas are indicated by the 
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shaded arrows, while unshaded arrows show contributions from minor 
source areas. The range of percentage values for each mineral is 
listed, with the location of the maximum value shown on the map. 
Figure 16 is the percentage map of opaque concentrations. The 
locations of highest opaque content correspond to source areas with 
large amounts of clastic materials (Figures 3 and 6). The source areas 
high in opaque heavy minerals are: Star Hope and Muldoon Canyons, 
Corral Creek, Summit Creek, and the North Fork of the Big Lost River. 
Star Hope and Muldoon Canyon outwash is diluted when outwash from 
Lake Creek and Broad Canyons coalesce. The Corral Creek- outwash is 
locally confined.  Outwash from Summit Creek and the North Fork of the 
Big Lost River can be traced downstream from the mouths of these 
canyons. Generally, material from the North Fork remains on the 
northwest side of the river, while debris from Summit Creek is located 
on the southeast side. Wildhorse Canyon, Kane Canyon, Lake Creek 
Canyon, and the Broad Canyon Complex contain relatively low amounts of 
opaque minerals. The opaque fraction in these areas contains high 
percentages of magnetite which was derived from the igneous intrusions 
in these source areas. As previously mentioned,' the magnetic minerals 
were removed beforehand and X-rayed. The opaques from the clastic units 
are largely non-magnetic.  East of the mouth of Wildhorse Creek 
anomalously.high opaque concentrations (81-91%) are observed. These 
are the result of meltwater mixing with the nearby bedrock. 
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The percent concentration of calcite in the heavy mineral fraction 
is plotted on Figure 17. Calcite content in the outwash deposits 
corresponds to nearby glaciated calcareous outcrops (Figure 3). The 
limestone outcrops in the "swamp" area of the Copper Basin were not 
glaciated. The absence of calcite in Sample 1, 2, 4, and 7 from the 
eastern side of the Copper Basin supports the argument that outwash 
terrace provenance reflects glacial discharge. The limestone outcrops 
of Wildhorse Creek were glaciated and consequently calcite is present in 
the outwash from Wildhorse Creek (samples 84-88, 100-102, 104, 107, 116, 
118, 157, 159, 160, 161, and 163). Calcite is rapidly removed from the 
heavy mineral suite due to solution and transport abrasion. This 
mineral does not persist far from the source area and as -such is not a 
very good long distance indicator species. High concentrations of 
calcite are present at sample sites 84-^88 which are near Dry Creek 
(see discussion on page 79). 
Figure 18, the map of zircon percentages indicates that the source., 
of zircon is related to the clastic assemblage of Star Hope and Muldoon 
Canyons and from granite outcrops in Summit, Corral, Fall, and Lake 
Creeks.. This mineral has a wide range of occurrences in igneous rocks 
and is also a commonly observed mineral in detrital associations. 
Zircon content is lower in Wildhorse Canyon than in the other two 
^ drainage basins. The relative absence of zircon in Wildhorse Canyon is 
particularly important in determining the movement of material in the. 
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outwash along the East Fork of the Big Lost River.. Zircon content from 
Fall Creek decreases to zero within the confines of Wildhorse Canyon so 
that it is probable that only the Copper Basin is suppling this mineral 
to the outwash. 
The Challis volcanics are assumed to be the principal source for 
the majority of clinopyroxene (Figure 19) and hypersthene (Figure 20) in 
the region. The two minerals have almost the same distribution pattern. 
Figure 19 shows that there are very high percentages of clinopyroxene 
in the Anderson Canyon area with lower but significant percentages along 
the North and East Forks .of the Big Lost River where Cnallis volcanics 
constitute significant portions of the outwash (Figure 10, Plate 2, and 
Plate 3). Similarly, Figure 20 shows that hypersthene content also 
increases in areas where the Challis volcanics have a high frequency of 
occurrence. The term "clinopyroxene" is used since the exact composit- 
ion of the augite-like pyroxene was not determined. Epidote is not 
sourced from the Challis volcanics as suggested by Pasquini (1976). 
Confusion of epidote and pyroxene is easily understood because of the 
optical similarities.  In Anderson Canyon where Pasquini finds epidote, 
and no clinopyroxene, the outwash is particulary abundant in volcanics. 
The chemical and optical petrography of the Challis volcanics (Citrone, 
1978) confirms the presence of pyroxenes and not epidote in these rocks. 
The map of percent apatite, Figure 21, suggests that apatite is a 
coiuijon accessory mineral in igneous, -metaojierphic, and volcanic 
assemblages. The "pleochroic blue variety" of apatite tends of follow 
the same distribution path as the regular apatite but it's reported 
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occurrence is more specific. The bluish manganese variety is a common 
mineral of granitic pegmatites, where it is associated with lithium 
bearing minerals. Apatite in the terraces along the East Fork of the 
Big Lost River.can have a West Copper Basin source.  It can also 
originate from the Anderson Canyon area or Corral Creek on the eastern 
side of the Copper Basin, since no apatite is observed in Lake Creek 
Canyon. 
Biotite, Figure 22, is present in all deposits of the region. 
Particularly high concentrations of this heavy mineral are observed in 
the outwash of areas near metamorphic or igneous terrain (Figure 3). 
For example, biotite is the predominant heavy mineral in the outwash of 
Kane Creek, Corral Creek, and the Broad Canyon Complex as shown by the 
dark arrows. Biotite has moderate concentrations in Lake, Wildhorse, 
Fall, and Summit Creek outwash. The slight, difference in the chemical 
composition of the granitic intrusives alters the quantities of biotite 
present in the outwash from these areas. High concentrations of 
biotite are observed along the East Fork of the Big Lost River and along 
the lower portion of Wildhorse Creek. The varying concentrations and 
wide variety of occurrences make biotite a marginally useful indicator 
species in provenance determinations. The mineral is a minor component 
in clastic populations, so that the glacial discharge from predominantly 
clastic areas can be identified by very low quantities of biotite. 
This' is observed in-the deposits at the mouth of Star Hope anekMuldoon 
Canyons, and the North Fork of the Big Lost River. 
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The map of epidote percentages, Figure 23, shows high 
concentrations in Lake Creek Canyon, where epidote is formed as a result 
of the contact metamorphism of the limestone unit on the north wall of 
the Canyon (Figure 3); Outwash on the east side of the Copper 
Basin shows higher concentrations of epidote than other locations within 
this basin. A common metamorphic and hydrothermal mineral, epidote 
occurs in low concentrations in Kane, Summit, and Wildhorse Canyon 
outwash. 
Figure 24, is the percentage map of hornblende. This mineral is 
derived from the igneous and metamorphic areas of Wildhorse, Fall, Kane, 
and Lake Creeks. Hornblende is nearly absent (i>6%) in the clastic 
outwash from Star Hope and Muldoon Canyons. Deposits sourced from the 
granitic areas in Summit Creek, Corral Creek, and the Broad Canyon 
Complex are also deficient in hornblende. The high percentages (10-46%) 
of the mineral in terraces near Boone Creek (samples 57-60, 63, and 64) 
may indicate that a major portion of the outwash deposited there during 
the Ramey Creek and early Road Creek advances came from Lake Creek 
Canyon. The other main source areas in the Copper Basin could not 
provide the quantity of hornblende found in the outwash near Boone 
Creek. The lower quantities of hornblende in samples across and down 
the river from Boone Creek (samples 61, 62, and 68-71) is attributed to 
dilution by mixing of the Lake Creek outwash with the Broad Canyon 
Complex and Star vHope-Muldoon Canyon outwash. Hornblende is also a 
major constituent of the outwash eminating in areas underlain by the 
Challis volcanics (Figures 3 and 10).  This is illustrated in Anderson 
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Canyon and the North Fork of' the Big Lost River. Both areas exhibit 
large quantities of.volcanic rocks and contain no other bedrock litho- 
log'y capable of producing hornblende. Undoubtedly, some of the 
hornblende seen in the terraces above Boone Creek is locally derived . 
since the Challis volcanics form a large portion of that areas bedrock. 
The percentage of hornblende present in the Boone Creek terraces is 
higher though than what would normally be contributed.spley from the 
Challis volcanics. 
The distribution of monazite (Figure 25) and sphene "(Figure 26) 
are closely related to certain granitic intrusives (Figures 13 and 
14). The highest concentrations of these minerals (5-19%) are observed 
in outwash within Broad, Bellas, Howell, and Ramey Canyons (all of which 
are Underlain by-granitic bedrock) oh the west side of the Copper 
Basin and along the East Fork of the Big Lost River. .The second 
important source area is the Fall Creek and the Left Fork of Fall Creek 
region of the Wildhorse drainage basin. Higher concentrations of 
monazite and sphene are found in terraces which are composed of outwash 
from Fall Creek (samples 78, 87, 107, 108, and 109) than in deposits 
which are formed by outwash from Wildhorse Canyon (samples 116 and 
118). A small but constant percentage of monazite and sphene in 
deposits along Summit Creek (samples 125, 126, 151, and 152) originates 
from the granite which underlies much of the drainage basin of Summit 
Creek. -   - 
The map of percent topaz, Figure 27, clearly shows three.separate 
source areas. Topaz is present in the outwash from the Broad Canyon 
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Complex, in the terraces within and downstream of Fall Creek, and in 
deposits from Kane Canyon. Topaz is a characteristic mineral of acidic • 
igneous rocks. The absence of topaz in deposits downstream from the 
Summit Creek granite indicates that this granite has-a different 
mineralogic composition than the other granites. The Summit Creek 
granite could be an earlier intrusion since topaz is formed during the 
last stages of solidification of siliceous igneous rocks. The presence 
of topaz in Kane Canyon reflects a small granite body in the headwaters 
of Kane Creek. Minor amounts of monazite (Figure 25), apatite -(Figure 
21), and zircon (Figure 18) provide additional evidence for this 
hypothesis. The fine grained granite was inadvertently classified with 
the Precambrian gneiss in the pebble counts. This particular instance 
demonstrates that heavy mineral analysis provides a check on pebble 
provenance.  Even though the intrusive was confused with the granite- 
like quartzitic gneiss, the indicator heavy minerals pointed to 
an igneous source. Careful checking of several sources (Dover et 
al., 1976; Respher, 1980) revealed granitic bedrock in Kane Canyon. 
Relatively high concentrations of topaz are also observed in places 
along the southern side of the East Fork of the Big Lost River. 
The concentration of diopside is plotted on Figure 28.- Diopside 
is an important metamorphic indicator mineral that is generally 
associated with calc-silicate rocks.  In the Copper Basin, minor amounts 
of diopside were derived from the contact metamorphosed limestone of 
Lake Creek Canyon. Deposits originating from this area always contain 
less than 2% (and usually less than 1%) diopside and are found on the 
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western side of the Copper Basin and along the East Fork of the Big- Lost 
River. Minor traces of diopside are found in Star Hope and Muldoon 
Canyons where limestone was similarly subject to contact metamorphism. 
The Precambrian Gneiss complex, which outcrops in the headwaters 
of Kane and Wildhorse Canyons, contains a marble marker band along with 
other horizons that supply diopside to the outwash derived from these 
canyons. The average diopside concentration from Kane Canyon is 
approximately 3% (the range is 1 to 5%) while that from and within 
Wildhorse Canyon averages 15% (the range is 10 to 18%).  In the 
Wildhorse Canyon drainage basin, only the outwash from the source area 
of Wildhorse Creek contains diopside in significant amounts. Outwash 
.from Fall Creek contains minor amounts of diopside (<1%) formed from the 
contact metamorphism of limestone. The fact that the terraces with 
.^higher concentrations of diopside (samples 96-98, 100, 102, 104, and 
116) are found in the confines of upper Wildhorse Creek and on the 
western rather than eastern side of Wildhotse Creek demonstrates that 
outwash from Fall Creek and Wildhorse Creek did not mix homogeneously 
(see discussion on page 79).' Diopside is present in terraces along 
Summit Creek in a concentration as high as 4%. Mineralization associat- 
ed with the intrusion of rhyolitic dikes .into sedimentary strata along 
Phi Kappa Creek supplies "the diopside to the outwash of this area. 
Spinel is commonly formed with diopside during the contact 
metamorphism of limestone. Figure 29 shows the distribution of the 
spinel in the area and suggests a source eminating from Phi Kappa 
Canyon. The highest concentration of spinel occurred at the mouth of 
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Phi Kappa Creek at sample site 133. Spinel, along with diopside and 
epidote from Phi Kappa Creek, is distributed downstream along Summit 
Creek in the same manner as monazite, sphene, and other heavy minerals 
of the Summit Creek provenance suite. The higher concentrations of 
•diopside, epidote, and spinel close to Phi Kappa Creek and on the same 
side of the valley, tend to indicate this canyon as the source area. 
Limestone outcrops proximal to Tertiary intrusives along Phi Kappa Creek 
provide the necessary bedrock composition for the formation of the 
minerals. The diopside, epidote, and spinel mineral association 
eminating from this canyon comprises the eleventh provenance suite, 
which is' based soley on the heavy mineral content. 
Garnet is another important metamorphic indicator mineral found in 
the outwash of the area. The percentage map (Figure 30) shows that 
garnet is supplied from only two areas: Wildhorse and Kane Canyons. 
The red color of the garnets denotes a high-grade metamorphic origin 
rather than a contact metamorphic origin (indicated by a brown color). 
The only formation these garnets could be derived from would have to be 
the gneiss complex underlying Wildhorse and Kane Creeks. No other 
source area could supply this mineral to the terraces. Outwash from 
both regions averages 1% to 2% garnet with the maximum concentration at 
3% (sample 97). The presence of garnet in the terraces along Summit 
Creek may indicate ice damming and a glacial lake in the area. This 
hypothesis and the evidence for it will be discussed later (discussion 
on page 114). 
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In viewing the data presented in the previous Figures 16-30 and 
Plate 3, it is necessary to realize that even though the percentage of 
individual heavy minerals may vary only slightly between the three 
different basins, the provenance suites taken as a complete unit are, 
distinctive enough to provide useful information. 
Table 3, which has been previously introduced, also presents the 
heavy mineral species (by percentage) for each of the major canyon 
systems. The bedrock composition in each canyon controls the heavy 
mineral suite sourced from that canyon. For example, the heavy mineral 
suite of glaciofluvial deposits sourced from an area underlain by quartz 
monzonite, which has more mafic minerals and less feldspar and quartz ' 
than granite, will have approximately equal amounts of the major 
minerals hornblende and biotite. Sediments derived from the granitic 
areas, which, are more feldspar and quartz rich, contain larger 
proportions of biotite than hornblende with accessory minerals such as 
monazite and sphene, contributing to the remainder of the heavy mineral 
suite. 
Table 4 summarizes the preceeding information by listing the 
diagnostic heavy minerals produced by the various bedrock lithologies. 
The percentage of the specific lithology, and the samples containing at 
least that percentage are tabulated under each lithologic type. Certain 
minerals repeatedly occurred in samples containing predominant rock 
types. The paragenesis and occurrencerof, these minerals were checked in. 
Heinrich (1965) and Deer, Howie, and. Zussman (1975). The average 
percentage of the heavy minerals under each category was then calculated 
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Table 4: Diagnostic Heavy Minerals Produced by Different Bedrock 
Lithologies. 
Clastic Rock; Each sample contains 80% or more clastic pebbles. 
(Based on N=18; Sample numbers 20, 21, 23, 24, 26, 27, 31, 32, 
34, 72, 79, 121, 127, 129, 134, 147, 150, and 154) 
opaques 62% 
biotite 18% 
zircon <1% 
Limestone: Each sample contains 33% or more limestone pebbles.  (Based 
on N=9; Sample numbers 84, 85, 86, 87, 88, 94, 101, 107, and 118) 
calcite       .4% 
Volcanic Rock: Each sample contains 33% or more volcanic pebbles. 
(Based on N=22; Sample Numbers 7, 12, 18, 49, 52, 57, 59, 60, 61, 
62, 63, 64, 68, 69, 73, 108, 122, 142, 146, 157, and 161) 
hornblende 28% 
biotite 16% 
clinopyrokene 9% 
hypersthene -2% 
Igneous Rock: Each sample contains 25% or more igneous pebbles. 
(Based on N=ll; Sample Numbers 12, 13, 15, 35, 37, 38, 93, 94, 101, 
132, and 133) 
biotite 39% 
hornblende 25% 
monazite 4% 
epidote 2% 
clinopyroxene 1% 
sphene 1% 
apatite <1% 
diopside      " <1% 
topaz <1% 
zircon <1% 
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Metamorphic Rock (high grade): Each sample contains 25% or more 
metamorphic pebbles.  (Based on N=4; Sample Numbers 96, 97, 98, and 
104) 
biotite 47% 
hornblende 23% 
diopside 12% (4%)* 
clinopyroxene 4% 
garnet 1% 
epidote <1% «1%)* 
spinel 0% (2%) 
*Denotes percentage of mineral present in sample 133 due to 
contact metamorphism. 
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from the given sample set. Listed in the table are those minerals 
significant to this provenance analysis. 
Several minerals are formed in more than .one environment. For 
example diopside, epidote, and spinel, usually in minor amounts, are the 
result of the contact metamorphism of limestone, a localized occurrence. 
Diopside from this source is identical to that derived from the highly 
metamorphosed gneiss complex which contributes large quantites to the 
outwash. Biotite is another example; it is derived from the gneiss and 
the igneous intrusives, yet the source bedrock cannot be determined 
from the optical character of the grain. The opaque minerals are 
ubiquitous to the study area. The clastic areas contain larger 
proportions than any other source area. The gneiss contains the least 
amount of opaques. Magnetite and hematite from the mafic layers in the' 
gneiss would have appeared as opaques, but as previously mentioned, the 
magnetic portion was removed prior to slide preparation. • In this 
instance, the lack of opaque minerals is diagnostic and helps 
differentiate the deposits from Wildhorse Canyon. 
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DISCUSSION 
Introduction 
;   The use of pebble lithology and heavy mineral suites is as valuable 
in determining the source areas for glacial outwash as it is for other 
glacial deposits. The application of provenance in till studies has 
revealed ice flow paths and indicated many peculiarities of glacial 
activity that would have gone unnoticed without this type of detailed 
f 
examination (Pasquini, 1976; Evenson et al., 1979; Brugger et al., 
1983). Provenance of the outwash gravels can be defined, but unlike 
till provenance, the subtleties of ice lobe interactions are not 
necessarily distinctively preserved. Features related to outwash ■. 
provenance specifically are degree of mixing of the various tributaries, 
lake formation, and the movement of materials beyond the glaciated 
terrain. 
The constituents of glacial outwash are transported by a fluvial 
system which homogenizes, to varying extents, the debris formerly 
entrained and moved by glacial ice.  In the course of this study, 
several factors were seen to exert primary control on the composition 
and distribution of the outwash. They are: 
1. Provenance assemblages of individual source canyons. 
2. Downstream mixing of detritus. 
3. Variable contributions of a particular source area to the 
outwash in relation to lobal size and dominance. 
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4. Blockage of tributary canyons by competing valley glaciers which 
resulted in the periodic formation of proglacial lakes and 
jOkulhlaup drainage. 
5. Attrition of lithologies. 
6. Pedogenic processes following deposition. 
The various concepts presented above will be discussed in the following 
sections. 
Provenance Assemblages of Individual Source Canyons 
The major premise of this provenance study requires that the 
deposits being analyzed contain certain minerals, lithologies, or their 
assemblages, distinctive enough to be useful tools in distinguishing the 
ultimate source canyons. As documented by Dover et al., (1976) and 
subsequently modified (Pasquini, 1976; Respher, 1980; Brugger et al., 
1983), there are eleven distinctive rock types in the three drainage 
basins (Figure 3): black chert, clastic, granite, pink porphyritic 
granite, white porphyritic granite, undifferentiated igneous, 
metamorphic, limestone, quartz monzonite, sandstone, and volcanic. 
The multilithologic composition of alpine tills is a result of 
glacial scouring of the underlying bedrock in the catchment basins,    « 
incorporation of material from along the valleys, and inwash from 
tributaries. Glacial outwa'sh shows the same type of relationship.  It 
is partially derived from till and_partiallyj2erived from tributary 
inwash. The outwash contains the reworked components of the till, but 
it also contains materials added by meltwater flow from beyond the 
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glacial limit. The provenance concentration of the "expected" canyon is 
consequently diluted. An example illustrating the commingling of 
pebbles into the outwash from beyond the ice margin is found at Dry 
Canyon, where a structural window of calcareous rocks is found. Figure 
31 shows that samples 84-88 at Dry Canyon contain an average of 47% 
limestone pebbles, while the average coming from the East side of 
Wildhorse Canyon (samples 103, 107, 108, 110 and 111) is only 14%. This 
threefold increase in limestone pebbles from the expected source value 
can only be explained by the incorporation of pebbles from nearby ' 
outcrops. A similar observation is made along the East Fork of the Big 
Lost River near Boone Creek and  illustrated in Figure 32. Samples from 
the Copper Basin outwash contain 31% volcanic pebbles (samples 45-53), 
while samples near Boone Creek contain 52% volcanics (samples 61-69). 
Downstream Mixing of Detritus 
"j 
The degree of tributary mixing is evident in outwash deposits. 
Increased mixing is likely to occur further from the ice margins where 
the affects of lobal dominance and braided discharge patterns are 
minimized. The mixing of braided Pleistocene systems associated with 
glacial retreat followed by subsequent downcutting occassionally put 
outwash of one valley on the "wrong side of the river". This could 
easily be confused with basin crossing anomalies. 
The*glaciofluvial deposits at the mouth of Wildhorse Canyon clearly^ 
show that homogeneous mixing of fluvial material from the separate 
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Figure 31:  Contribution from limestone outcrops to the 
glacial outwash. 
80 
Figure 32: Contribution from volcanic outcrops to the 
glacial outwash. 
source areas of Wildhorse and Fall Creeks was not achieved.  If mixing 
had been complete, a uniform outwash composition on the east and west 
sides of Wildhorse Canyon'would be expected, but this is not the case. 
As seen in Figure 33, the higher content of diopside (average of 6% vs 
<1%), garnet (average of <1% vs 0), metamorphic pebbles (average of 9% 
vs 6%) reflecting a Wildhorse Canyon origin are more abundant in the 
outwash (samples 106 and 114-118) on the west side of the drainage. 
Higher percentages of quartz monzonite (average of 5% vs 1%) and 
monazite (average of 1% vs <1%) corresponding to a Fall Creek source are 
found in deposits east of the canyon (samples 107, 108, 110, and 111). 
In this case, the glaciofluvial deposits show the same characteristics 
as seen in the till provenance studies of the moraines by Brugger et 
al., 1983 (Figure 34). The differences in the till on the east and west 
sides of Wildhorse Canyon result from the fact that coalescing ice 
rstreams do not mix, but rather retain separate identities within the 
composite lobe (Evenson et al., 1979). Because the ice streams do not 
mix, they have a provenance which reflects the source area of the ice 
stream and this is imparted to the outwash as demonstrated. 
A final example documenting limited mixing of the contributions of 
separate meltwater channels is exhibited along Summit Creek. The 
moraines blocking Summit Creek were breached by continuing deglaciation 
so that only a streamlined till remnant remains in the center of the 
valley (Figure 35). Moraine "B" as identified by Cotter (1980), is 
oriented with its long axis parallel to the valley of Summit Creek and 
is considered either an interlobate end moraine between the Kane and 
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Figure 33:  Pebble and heavy mineral composition of the 
terraces in Wildhorse Canyon. 
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PINEDALE   II   TERMINAL 
MORAINE    COMPLEX 
J© 
Sample locations and pebble 
compositions of the tills in 
Wildhorse Canyon.  Distinct 
break in pebble composition 
is noted by arrows. 
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Figure 34:  Sample locations and 
pebble compositions of 
the tills in Wildhorse 
Canyon (From Brugger 
et al., 1983). 
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(Moraine provenance from Cotter and Evenson, 
1983) . 
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North Fork Canyon Glaciers or a medial moraine between the Summit Creek 
and North Fork ice streams by Cotter (1980). Pebble lithologies, as 
shown in Figure 35, strongly delineate the extent of previous glacial 
advances. Samples 125, 126, and 127 reflect an entirely Kane Creek 
source, high in metamorphics and low in granite and black chert 
(average: 10% metamorphic, 0% granite, 0% black chert); samples 129, 
130, and 13i reflect a Summit Creek source, high in granite and low in 
metamorphic and black chert (average: 0% metamorphic, 12% granite, 0% 
black chert); and samples 144, 145, and 146 reflect a North Fork 
source, high in black chert and low in metamorphic and granite 
(average: 1% metamorphic, 0% granite, 2% black chert). Very little 
mixing is observed in sample sites in the center of the valley near the 
junction of Summit Creek, Kane Creek, and the North Fork.  In the 
samples that could be expected to reflect several source areas (samples 
137, 138, and 139), less than 3% of the pebbles in each belong to 
"another" provenance suite. The heavy mineral fraction shows more 
blending of the different populations. Traces of monazite (5%), spinel 
(0.25%), and diopside (2.25%) appearing to eminate from sources in 
Summit Creek, more particularly Phi Kappa Creek (Table 3), are observed 
in the outwash (sample 125) on the southern side of Moraine B. 
Monazite, diopside, and spinel are not found in the North Fork 
population; nor is spinel found in the Kane Creek population. 
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Variable Contributions of a Particular Source Area to the Outwash in 
Relation to Lobal Size and Dominance 
Composite glaciers are formed by coalescing ice streams from many 
tributary canyons, each of which has its own provenance signature. One 
catchment area commonly produces more ice than the others which results 
in that flow dominating the composite glacier. 
Overall ice movement and lobation followed the same general 
patterns during repeated glaciations in the study area. Moraines and 
terraces from the Copper Basin and Potholes glaciations are stacked 
with the oldest at the highest elevation and the youngest deposits at 
successively lower elevations.(Figured). Thus, the outwash from an 
older terrace reflects the gross composition of the major lobes at the 
time of advance and outwash deposition. As glaciers retreat and during 
interstadials, the terraces produced are entrenched thus preserving or ' 
"fossilizing" the provenance suite of the older lobes. As a result of 
this process if weathering and pedologic changes are ignored, the 
outwash of an older advance may be different in composition from that 
of a younger terrace in the same place. This difference exists because 
terraces reflect the composition of the drainage basin charging them 
and as the "basin changes" so does the composition of the outwash. As 
shown in Table 5 and on Figures 36A and B, the oldest terraces contain 
a variety of rock types (samples 57 and 77).but show similarity to 
younger deposits (samples 58, 59, 60, 78, and 79) in the same location. 
The lithologies are t?he same, only quantities are different. The 
possibility also exists that long term weathering processes may be 
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Older Younger 
Site: 57 Sites:  58, 59 and 60 
42% 55% 
1% 1% 
0% 3% 
47% 35% 
8% 0% 
Site: 77 Sites: 78 and 79 
72% 81% 
1% 3% 
1% 4% 
4% 1% 
6% 5% 
1% 5% 
selectively removing certain lithologies, although this hypothesis 
needs further investigation. 
Table 5: Comparison of Older (Pioneer and Copper Basin) and Younger 
(Potholes) Terrace Deposits. 
Clastics 
Granite 
Monzonite 
Volcanics 
Altered 
Clastics 
Granite 
Metamorphics 
Monzonite 
Volcanics 
Altered 
Four terrace remnants are shown on Figure 36B. This differs from 
Wigley's map (1976) of the area where only one Road Creek II terrace is 
recognized. A sequence of five levels was observed in the field and 
can be seen on Figure 37, a photograph of the area. The uppermost 
bench appeared to be a bedrock outcrop (volcanic) but the remaining 
four were identified as terrace remnants and each was sampled. If the 
features were actually volcanic bedrock and not outwash terraces, they 
would not contain clastic (samples 57-60), monzonite (samples 
58-60),and granitic (samples 57-59) lithologies (Figure 36B) as well as 
diopside (samples 57-60), epidote (samples 57-60), monazite (samples 
58-60) , sphene (samples 58 and 60), zircon (samples 58 and 60), and 
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and younger   (Potholes)   terraces. 
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Figure 37:  Photograph of terraces near Boone Creek, 
90 
topaz (samples 60) heavy minerals. The oldest level can either belong 
to the Ramey Creek I or Bellas Canyon advance. 
Younger terraces show an increasingly greater local provenance 
because the progressively smaller canyon glaciers coalesce less and 
less and become confined to their individual valleys. During the less 
extensive third and fourth Potholes advances, the ice lobes were not 
far from their respective source canyons. The suites are not diluted 
as much by mixing and extensive transport, and the terraces reflect 
fewer or single populations. This is observed in the three drainage 
basins in the study area. An example from Lake Creek and Muldoon 
Canyons is used for illustration. The lithologies of the pebbles found 
in the terraces within the confines of each canyon is presented in 
Table 6 and shown on Figure 38. 
Table 6: Comparison of Lake Creek Canyon and Muldoon Canyon Pebble 
Provenance 
Lake Creek Canyon       Muldoon Canyon 
Sites:  12, 13, 14,     Sites:  17, 18, 19, 
15, and 16      20, and 21 
elastics ' 21% 86% 
Volcanics 14% 16% 
Monzonite 62% 0% 
Undifferentiated 1% 0% 
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Figure 38:  Comparison of the Road Creek III and IV 
terraces in Lake Creek and Muldoon Canyons, 
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The bedrock of Lake Creek is composed of igneous intrusives, 
elastics, and volcanics, while in Muldoon Canyon only clastic and 
volcanic bedrock is present. The pebble data found in the terraces 
within each canyon directly corresponds to the bedrock lithologies. 
The position of medial moraines and till provenance studies from 
the Copper Basin Lobe (Evenson et al., 1979) and the Wildhorse Lobe 
(Brugger et al., 1983) illustrate the predominance of one lobe over 
others. A readvance and basin crossing of the Road Creek III glacier 
from Lake Creek Canyon is suggested by Pasquini (1976) on the basis of 
till provenance (Figure 39). Because of the fluvial rather than 
glacial processes involved in terrace deposition subtle anomalies of 
lobal interaction seen in the terraces, are not apparent in the 
moraines. Samples 12, 13, 14, 15, and 16 from Lake Creek Canyon and 
sample 35 from Bellas Canyon were used to determine the characteristic 
population of each respective source area (Table 7). Table 8 
summarizes the data from seven pebble counts and three corresponding 
heavy mineral analyses of the Road Creek III terraces near the area of 
basin crossing. Figure 40 diagramatically presents the data presented 
in Tables 7 and 8. 
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Figure 39:  Cross cutting relationship of the late Potholes 
ice front at the mouth of Lake Creek Canyon 
(From Pasquini, 1976). 
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Table 7: Comparison of the Provenance Suites of Lake Creek Canyon and 
Broad, Bellas, and Howell Canyons. 
Lithologies 
Pink Granite 0% 
Monzonite 62% 
Heavy Minerals 
Opaques 23% 
Apatite 
Epidote 
0% 
6% 
Clinopyroxene & Diopside 
Monazite 
4% 
1% 
Sphene 
Topaz 
1% 
1% 
Broad, Bellas, and 
Lake Creek Canyon      Howell Canyons 
67% 
7% 
2% 
1% 
4% 
0% 
6% 
1% 
1% 
Table 8: Analysis of the Road Creek III Terraces in the Copper Basin 
Sample Site: 36 37 38 39 40 41 42 
Lithologies 
Granite 0% 0% 41% 0% 0% 4% 4% 
Monzonite 37% 30% 4%. 12% 9% 9% 9% 
Heavy Minerals 
Opaques 
Epidote 
19, 
4. 
.25% 
.75% 
11.25% 
1.25% 
26.00% 
1.00% 
Clinopyroxene & 
Diopside 
Apatite 
Monazite 
2, .50% 
0% 
0% 
0% 
0.25% 
19.50% 
8.75% 
0.50% 
5.25% 
Sphene 
Topaz 0 
0% 
.25% 
4.25% 
0.50% 
2.00% 
1.00% 
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Figure 40:  Composition of Road Creek III terraces in 
the Copper Basin. 
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The pebble data indicates that samples 36 and 37, containing 
monzonite, are sourced from Lake Creek Canyon while sample 38, 
containing granite, is from the Broad Canyon Complex. The epidote and 
clinopyroxene plus diopside data of sample 37 clearly indicates a Lake 
Creek source. Sample 38 reflects a mineral assemblage that matches the 
outwash of the Broad Canyon Complex. A large percentage of monazite 
and sphene were found while clinopyroxene and diopside were absent.. 
Minor amounts of epidote and large amounts of monazite and sphene from 
the westside canyons combined with large quantities of clinopyroxene 
and diopside from Lake Creek Canyon to form the mineral suite at 
sample 42. The presence of important indicator minerals from both 
areas is the result of fluvial mixing. Samples 37 and 38 do not 
reflect similar lithologies. The premise of basin crossing hinges on 
Pasquini's sample 25 which was close to (this) sample 38. The samples 
which his number 25 were grouped with were all on the eastern side of 
Star Hope Creek, reflecting a Lake. Creek Canyon source. Pasquini 
(1976) reports that the till was very heterogeneous, containing 
materials from Lake Creek, Broad, Bellas, Star Hope, and Muldoon 
Canyons, and was probably reworked from previous deposits. The pebble 
and heavy mineral data of terrace sample 38 indicates a source from the 
western side, Broad Canyon Complex, and is an anomaly if the Lake Creek 
Canyon ice readvanced to the position indicated. The Road Creek II 
moraine west of sample 38 (Figure 41) is composed of material 
characteristic of the Broad Canyon Complex. During the late Potholes 
Lake Creek Canyon ice readvance, the ice crossed the basin and abutted 
97 
RdG3 
Percentage of opaque 
minerals is listed at 
each sample site. 
Figure 41: Relationship between the Road Creek moraines 
and terraces near the mouth of Lake Creek 
Canyon. 
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the Road Creek II till remnant. The older deposit was partially 
reworked, but the outwash did not mix homogeneously and distinctly 
separate provenance suites remained. The provenance of terraces can 
reflect subtleties of lobal interaction that are not apparent in the 
moraines. 
The basin crossing hypothesis is further strengthened based on the 
interpretation of additional heavy mineral provenance data.  It appears 
that Star Hope and Muldoon Canyons in the Copper Basin were recurrently 
ice blocked cjuring glacial maxima. The 83% opaque content (Table 3) of 
the heavy mineral suite in the terraces of Star Hope and Muldoon 
Canyons drops to 10-30% immediateley downstream of the confluence with 
the Broad Canyon and Lake Creek tributaries (Figure 41). This blockage 
probably occurred when ice lobes from Broad and Lake Creek Canyons 
coalesced to block the path of the Star Hope and Muldoon Canyon 
outwash. 
Another basin crossing anomaly is observed in Wildhorse Canyon. 
Pebble and heavy mineral data from Fall Creek (samples 90-95) and from 
Wildhorse Canyon (samples 96-100) are found in Table 9. Provenance 
analysis of the terraces downstream of the confluence of Wildhorse and 
Fall Creeks (samples 101-104) is presented in Table 10. The data 
presented in both tables is illustrated on Figure 42. The unexpected 
appearance of Fall Creek provenance in the Wildhorse Canyon III advance 
terraces i% shown by the comparison of these two tables. 
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Table 9: Comparison of Wildhorse Creek and Fall Creek Provenance 
Suites. 
Wildhorse Creek Fall Creek 
Lithologies 
Metamorphic 
Igneous 
Limestone 
42% 
10% 
0% 
0% 
25% 
12% 
Heavy Minerals 
Cli nopyroxene 
Diopside 
Garnet 
4% 
15% 
1% 
<1% 
<1% 
0% 
Monazite 
Sphene 
Topaz 
<1% 
<1% 
<1% 
9% 
3% 
1% 
Table 10: Composition of Wildhorse Canyon III Terraces. 
Sample Site: 101 102 103 104 
Lithologies 
Igneous 26% 16% 12% 6% 
Metamorphic 
Limestone 
19% 
34% 
23% 
15% 
27% 
19% 
39% 
0%* 
Heavy Minerals 
Clinopyroxene 0.50% 0.57% 1.25% 
Diopside 
Garnet 
0% 
0% 
4.50% 
0.25% 
1.50% 
0% 
Monazite 2.75% 6.75% 0% 
Sphene 1.00% 2.00% 0% 
Topaz 0.25% 1.25% 0.25% 
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The pebble content at each site reflects varying proportions of the 
metamorphic and igneous rocks. Sample 104, the furthest of the group 
from the confluence consists of the largest quantity of metamojrphics. 
Even though the diopside and clinopyroxene contents are diluted the 
sample still retains the characteristics of a Wildhorse Canyon source. 
Sample 101 is on the eastern side of Wildhorse Canyon. Based on the 
position of the deposit along the side of the valley, a predominate 
Fall Creek type deposit would be expected at this site. Although the 
sample reflects more monazite, sphene, and topaz than do Wildhorse 
Canyon samples, the presence of metamorphic pebbles and the mineral 
clinopyroxene indicate fluvial mixing has occurred. The most 
interesting sample is found on the western side of Wildhorse Canyon. 
The heavy mineral suite of sample 102 contains the expected diopside, 
clinopyroxene, and garnet content of Wildhorse Canyon, but, the 
percentages of monazite (7%), sphene (2%), and topaz (1%) reflect a 
Fall Creek source. There is a granite exposure upstream in Wildhorse 
Creek, near the campground. Sample 97, was obtained in a terrace just 
downstream of the outcrop and contained 20% igneous and 62% metamorphic 
pebbles. The heavy minerals monazite, sphene, and topaz associated 
with the igneous intrusives, are present in negligable quantities. 
This leads to the conclusion that the effect of the granite outcrop on 
the outwash composition is minimal. The heavy mineral comparison of 
sample 97 with sample 102 provides evidence that the.materials-,in the 
outwash deposit near Burnt Aspen Creek have a Fall Creek as well as a 
Wildhorse Canyon source. The terraces provide supportive data for the 
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idea of the. Wildhorse Canyon III readvance and the resultant coalescing 
of the Wildhorse and Fall Creek glaciers to form the terminal moraine 
postulated by Stewart (1977) rather than the revised interpretation 
presented by Brugger et al., (1983). They contend the Wildhorse Canyon 
ice never left the valley of Fall Creek, yet samples 101 and 102 
contain materials indicative of a Fall Creek origin. Based on the 
position of sample 101 near the junction of Fall and Wildhorse Creeks, 
a higher concentration of the Fall Creek heavy mineral suite would be 
expected in that sample as compared to sample 102. The opposite is 
true, sample 102 contains more of the diagnostic Fall Creek heavy 
minerals monazite, sphene, and topaz than sample 101. If the original 
deposit (at sample 101) containing Fall Creek material was reworked by 
the Wildhorse Canyon III advance of the Wildhorse Creek glacier and 
redeposited as a corresponding terrace, garnet and diopside would have 
to be present. However, neither diopside nor garnet were found in 
sample 101. The high percentages of Fall Creek heavy minerals in 
samples 101 and 102 suggest that the Fall Creek glacier did readvance 
during the Wildhorse Canyon III advance and coalesced with the 
Wildhorse glacier. Sample 101 still retains the predominate character 
of the Fall Creek glacier even though the deposit shows some mixing. 
Sample 102 reflects minerals from both the Wildhorse and Fall Creek 
catchment areas and so exhibits more homogeneous mixing. 
•The final topic t© be discussed.in this section involves the affect 
of lobal dominance of older glaciers on subsequent deposition. The 
Summit Creek area is used to demonstrate this concept. Moraines from 
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the extensive Kane Canyon and North Fork I advances are found along the 
Summit Creek valley. Till provenance studies (Cotter, 1980 and 
Repsher, 1980) reveal interactions of the coalescing ice streams. The 
only terraces along Summit Creek belong to the North Fork II, III, or 
IV advances. Glaciers during those events stayed within the respective 
canyons and at no time did the ice coalesce (Cotter, 1980). 
Homogeneous mixing of the outwash could be expected in this situation. 
However, the pebble lithologies of the North Fork II terraces clearly 
delineate the provenance of the North Fork I moraines (Figure 35). The 
heavy mineral data shows some mixing. Several factors contribute to 
the differences in the terraces. The older moraines are 
topographically preserved and appear to channel the meltwater flow 
downstream. Physical separation of the different outwashes in addition 
to the unequal mixing of braided Pleistocene systems previously 
discussed, tends to preserve the composition of individual source areas 
in the terraces. Table 11 below and Figure 43 summarize the content of 
the different heavy minerals suites characteristic of each catchment 
area. 
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Table 11; Heavy Mineral Comparison of Kane Creek, Summit Creek, and 
the North Fork of the Big Lost River. 
(120, 121, 122)  (129, 132, 133, 134, 135) (141, 142, 146) 
Samples Kane Creek 
]
opaques 
biotite 
22% 
33% 
diopside 
garnet 
hornblende 
monazite 
3% 
1% 
34% 
0.3% 
sphene 
spinel 
topaz 
zircon 
0.7% 
0% 
1% 
trace% 
Summit Creek North Fork 
67% 
21% 
1.3% 
trace% 
6.5% 
0.5% 
1% 
0.3% 
0% 
trace% 
39% 
4% 
0.5% 
0% 
14.4% 
0% 
0% 
trace% 
0.3% 
trace% 
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PROVENANCE    SUITE 
Figure 43:  Heavy mineral provenance suites of Kane Creek, 
^        Summit Creek, and the. North Fork of c,the Big 
Lost River. 
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Sample 127 (Figure 44), in the undifferentiated North Fork II 
terrace adjacent to the mouth of Kane Creek, has a heavy mineral 
composition that matches Kane Creek source lithologies (Figure 43 and 
Plate 3).  It has a high content of biotite (49%), hornblende (28%), 
diopside (3%) , low amounts of opaques (18%), and minor but significant 
amounts of garnet. Samples 137 and 138 across Summit Creek from sample 
127 contain 67% opaques, 18% biotite, 1% diopside, 8% hornblende, 2% 
sphene, and 1% monazite (Figure 44). Traces of spinel and epidote were 
observed but garnet was entirely absent. The heavy mineral suite of 
samples 137 and 138 is more similar to that originating from Summit 
Creek than either of the. other two areas (Figure 43). Sample 139 
downstream from samples 137 and 138 along with samples 125 and 126 
reflect the opaque (30%), biotite (32%), diopside (3%), hornblende 
(29%), and garnet (traces) content of a Kane Creek source (Figures 43 
and 44). 
The North Fork II moraines are in a more easterly position than the 
North Fork I moraines 'from the Kane Canyon lobe (Figure 45). The major 
portion of North Fork II outwash from Kane Canyon would consequently be 
directed downstream toward sample sites 125, 126, and 139. Only a 
portion of the outwash would have passed to the west of the North Fork 
I moraine directly in the mouth of Kane Canyon to be blocked by a 
second North Fork I moraine of the Kane Creek lobe. Samples 137 and 
138 reflect drainage from the Summit Creek glacier. Those samples are 
opposite Kane Canyon and sample 127, but directly across from the 
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Figure 44: Composition of North Fork II terraces near 
the confluence of Kane Creek and the North 
Fork  of  the Big Lost  River. 
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Figure 45:  Channeling of outwash due to older moraines, 
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Kane Canyon moraines which obstructed the later meltwater. The outwash 
did not mix as a result of older moraines channeling the braided 
meltwater. 
As the distance increases, more mixing occurs. Some effects of 
braided discharge are still exhibited two kilometers (1.2 miles) 
downstream. Samples 147, 148, 150, 151, and 152, shown on Figure 46, 
were taken in a straight line traverse across the Summit Creek valley. 
The high opaque and low biotite and hornblende percentages, as well as 
other trace minerals characterize samples 147 and 148 as North Fork 
Canyon outwash (Figure 43 and Plate 3). Samples 149 through 152 
contain the assemblages of diopside, garnet, monazite, and sphene 
indicative of Summit Creek and Kane Canyon origins (Figure 43 and Plate 
3). The North Fork outwash still retains its diagnostic heavy mineral 
composition. Summit and Kane Creeks have had more distance to mix and 
cannot be distinguished at this point except for the known contribution 
of each to the total outwash composition. 
Blockage of Tributary Canyons by Competing Valley Glaciers which 
Resulted in the Periodic Formation of Proglacial Lakes and Jflkulhlaup 
Drainage 
Two areas appear to have been the sites of former glacial ia-kes-^^^ 
These are: 
A.)  The area along the East Fork of the Big Lost River, between 
Wildhorse and Rider Creeks. 
B.) The area along Summit Creek, between Kane and Phi Kappa 
Creeks. 
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Figure 46:  Downstream comparison of North Fork II 
terraces. 
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A.) Glacial Lake East Fork 
As demonstrated by Stewart (1977), the Wildhorse Canyon ice lobe 
blocked the drainage of the East Fork of the Big Lost River. Meltwater 
from the Copper Basin and drainage from the east side of the Wildhorse 
Canyon lobe created "Glacial Lake East Fork" (Evenson et al., 1979) 
which extended from Wildhorse Canyon to Rider Creek (Figure 47). 
During periods of ice damning the East Fork physiography consisted of a 
gently sloping sandur or valley train with a prograding delta formed by 
the outwash entering the lake on the Copper Basin side. The end of the 
lake closest to Wildhorse Canyon would be much deeper than the eastern 
endsjnei?.->tb^re would be an abrupt contact between the calving ice 
margin and the impounded water. The composition of the pebble and 
heavy mineral suites along the East Fork appear to document this 
physiography and support Stewart's (1977) contention that the extent 
(controlled by the height of the ice dam) of the lake varied with age. 
Icebergs calving from the eastern margin of the Wildhorse Canyon lobe 
transported Wildhorse erratics of Precambrain gneiss and Tertiary 
quartz monzonite up the East Fork valley as far as Deer Creek (Stewart, 
1977). Metamorphic pebbles are found in the late Devil's Bedstead 
terrace even further east at Rider Creek (samples 70 and 71) indicating 
that the lake extended at least this far. Metamorphic pebbles are also 
found at samples 73, 74, 76, 77, 78, 80-83, 86, and 89, while garnets 
are found at samples 73 and 86 (Figure 47). Although a lake would be 
112 
GLACIAL   LAKE    EAST   FORK 
CORRAL CREEK 
GLACIAL    LAKE 
SUMMIT    CREEK 
#    METAMORPHIC  PEBBLES 
•     SANDSTONE    PEBBLES 
O    GARNETS 
TTT   EXTENT   OF    ICE    LOBES 
 POSITION    OF    GLACIAL    LAKES 
WILDHORSE 
CREEK 
NUMBERS     REFER    TO    SAMPLE    SITES 
Figure 47:  Location of glacial lakes. 
expected to form whenever the Wildhorse Canyon lobe blocked the East 
Fork Canyon, the size of the lake would very as a function of the 
height of the ice dam and its impermeability. 
B.)  Glacial Lake Summit Creek 
Cotter (1980) suggested that the Kane Canyon and the North Fork ice 
lobes coalesced in the valley of Summit Creek during the North Fork I 
advance when the Summit Creek lobe was up valley from the cosalescence. 
This geometry would impound the meltwater from the Summit Creek 
glacier, forming a lake up stream from this juncion (Figure 47). 
Although there is little physical evidence for the lake itself, its 
existence is supported by both moraine morphology and this provenance 
investigaion. The occurrence of garnet originating from Kane Canyon in 
North Fork II terraces west (upstream) of Kane Canyon (Figure 47, 
samples 133 and 134) may indicate that some of the canyon's drainage 
was into this ice dammed lake. Likewise, the presence of North Fork 
sandstone pebbles in North Fork II terraces west (upstream) of the 
North Fork Canyon (Figure 47, samples 134-138) also indicates drainage 
into the proglacial lake. The garnet and sandstone would also have 
originally been deposited in North Fork I gravels but none are 
preserved in this drainage area. The older deposits have been reworked 
and the detritus incorporated into the younger North Fork II terraces 
The upstream absence of metamorphic pebbles associated with the garnets 
is unexplained. 
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Granitic pebbles from Summit Creek are not found in the outwash 
downstream of the large, early North Fork moraine at the mouth of Kane 
Canyon (Figures 35 and 46). Sample 127 is grouped with the suite from 
Kane Canyon on the basis of clastic, metamorphic, and volcanic 
lithologies. Samples 137 and 138 reflect the clastic and granitic 
provenance of the Summit Creek population (Figure 35). The division 
between the two populations is very clearly defined. Gradual, 
quiescent draining of the lake must be evolked to explain the lack of 
any noticeable northeastward transport of granitic pebbles down Summit 
Creek upon removal of the ice dam. 
C.)  Drainage of Lakes and JOkulhlaup Activity ' 
Glacial streams are high energy systems that can move large 
quantities of sediments. Coarse and fine grained material can be moved 
great distances before the competency decreases and aggradation occurs. 
Boulders are found on terraces at only two localities (samples 164 and 
165). Sample site 164 is 1.6 kilometers (1 mile) north of the 
confluence of the East and North Forks of the Big Lost River and sample 
site 165 is located 14.5 kilometers. (9 miles) further downstream at 
Swensen Basin (Figure 48). The percentage of Precambrian boulders 
drops from 86% (sample 164) to 68% (sample 165) in the 14.5 kilometers 
between the sites demonstrating attrition. The carrying capacity of 
the meltwater under certain conditions can be astronomical', as 
evidenced by an enormous boulder approximately (3m x 4m) at sample site 
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Figure 48:  Location map of Swensen Basin. 
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165 (Figure 49). The nearest Precambrian source is approximately 32 
kilometers (20 nfl9.es) upstream in Wildhorse Canyon. The presence of 
the metamorphic minerals in the matrix confirms the outwash as well as 
the boulders (at sample 165) were derived at least in part from one of 
the two canyons (Wildhorse or Kane) containing metamorphic material. 
The most distinctive components of the heavy mineral suite at sample 
165 are diopside (4%) and monazite (1%). The only location, barring a 
placer type concentration, from Which this high a concentration of 
diopside could originate is Wildhorse Creek where concentrations of 
diopside averaging 15% are found (samples 96, 97, 98, and 100). The 
other source areas of diopside, Kane Canyon, Lake Creek, and Phi Kappa 
Creek, have maximum concentrations that are less than 4%. Dilution 
would preclude the concentration found at sample 165, unless the 
diopside was somehow concentrated either naturally, such as in an eddy, 
or during heavy mineral separation or slide preparation. The 1% 
monazite concentration would also have to come from an area with a 
higher content of the mineral than that level. The initial 
concentration in the Wildhorse Basin is approximately 9%, while in 
Summit Creek the amount is 1%. Although the monazite like the diopside 
could be the result of concentration phenomenon, the source with 
the higher percentage is probably being diluted and supplying the 
material to this sample site. 
The catastrophic draining of a glacier dammed lake could provide • 
the discharge needed to move the boulder seen at sample site 165. The 
term "jOkulhlaup" has been applied to these catastrophic drainages. 
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Figure 49:  Photograph of boulder at Swensen Basin, 
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Conditions suitable for' this type of event were best evidenced at 
Wildhorse Canyon. On the basis of the distribution of the moraines at 
the mouth of Wildhorse Canyon it is easy to envision how ice could have 
blocked the drainage of the East Fork region, impounded vast quantities 
of meltwater from the Copper Basin drainage, and formed "Glacial Lake 
East Fork". Once backwasting and ablation ensued with deglaciation, 
erosion would cause a rapid failure of the ice formed dam and meltwater 
would be released. The profusion of metamorphic erratics at samples 
164 and 165 (Appendix II, Boulder Counts) and the heavy mineral data, 
indicates the major source of material was probably Wildhorse Canyon. 
There may have been repeated jOkulhlaup activity whenever the Wildhorse 
Glacier blocked the East Fork during the Devil's Bedstead or early 
Wildhorse Canyon glaciations. 
Attrition of Lithologies 
The resistance to attrition of particular lithologies during 
transportation is another factor controlling the lithologic composition 
of the terraces. Pebbles are valuable indicators for field 
identification of outwash paths but are subject to loss by attrition. 
The rocks will be abraided in order of their relative hardness. 
Large quantities of limestone pebbles are only evident in outwash 
proximal to limestone outcrops (Figure 50). Samples 116 and 117 
contain 28% limestone and are directly across from limestone outcrops 
at the mouth of Wildhorse Canyon. Two kilometers (1.3 miles) 
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Figure 50: Limestone attrition with distance from 
outcrop.  The percentage of limestone 
pebbles at each sample site is shown. 
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downstream, samples 118 and 119 average 20% limestone, while samples 
159 and 160, an additional one and one-half kilometers downstream (1.0 
miles), reflect a 12% limestone concentration. Samples 162, 163, and 
164, are another two kilometers downstream (1.3 miles) and average only 
a 2% limestone concentration. Where limestone content is reduced to 
zero is unknown. Pebbles from the metamorphic assemblage are more 
resistant and can be transported for longer distances as evidence by 
the presence of gneiss all along Wildhorse Creek and 32 kilometers (20 
miles) downstream (sample 165) at Swensen Basin. The relative 
resistance to attrition of the different lithologies can be deduced 
from the difficulty in breaking the pebbles with a hammer. The 
limestone is the easiest, followed in order by the larger grained 
porphyritic granites, the quartz monzonite, and the volcanics.  The 
metamorphics, quartzites, and conglomerates are the most difficult to 
break because of the smaller size of the component minerals and their 
relative hardness. As the distance the pebbles and gravels are 
transported from their respective sources increases, the softer rocks 
appear to be lost by attrition. Making the finer grained sand sized 
fraction more useful in reflecting distant source areas. Sand can be 
transported further distances with less mass loss than pebbles 
(Plumley, 1948) . Heavy minerals from all lithologic species are 
reflected in the sand. Tributaries joining the outwash and normal 
transport attrition combine to lower concentrations of the heavy 
mineral suite, but loss due to size decrease appears to be minimal. 
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Pedogenic Processes Following Deposition 
One aim of this investigation was to look for methods of 
distinguishing the relative ages of terrace deposits.  It is difficult 
to extrapolate age differences on the basis of pebble and heavy mineral 
content because so many factors are involved in determining the 
original composition of the terraces. Predominant among these is 
fluctuation in the' quantity of the particular pebbles and heavy 
minerals supplied during successive advances. As previously discussed 
(see page 87), the terraces reflect the gross composition of the major 
ice streams. This changes with lobal size. 
Another important consideration is the post-depositional history of 
the terraces. The pebbles in the older deposits are generally smaller 
(2-4 centimeters as compared to 2-8 centimeters) as a result of being 
broken down in the soil. One extreme example of granite decomposition 
was noted at sample 35, a Bellas Canyon advance deposit. The 
anomalously high biotite content of that sample reflects the rocks 
alteration. Otherwise, the heavy mineral content among the various age 
terraces is similar except for the percentages of clinopyroxene and 
hornblende. These minerals are less abundant in older deposits. As 
illustrated in Table 12 the clinopyroxene and hornblende content of 
recent deposits is always greater than in the nearest Pleistocene 
terrace. The trend does not vary whether the two heavy minerals 
comprise a large or small percentage of the sample. All gradations of 
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Table 12: Comparison of Clinopyroxene and Hornblende content between 
Recent and Older Deposits. 
Sample Age % Clinopyroxene % Hornblende 
Lake Creek 
12 
13 
15 
Recent 
RdG4 
RdG4 
4.25 
0.75 
3.00 
46.25 
23.50 
36.00, 
Star Hope Cr. 
24 
23 
Recent 
RdG4 
1.50 
1.25 
3.75 
2.00 
Muldoon Creek 
27 
18 
, 20 
Recent 
RdG4 
RdG4 
5.75 
0.50 
2.75 
30.00 
2.25 
5.50 
East Fork 
109 
108 
Recent 
WG2 
29.75 
21.00 
26.75 
21.75 
Summit Creek 
149 
148 
Recent 
FG2 
11.50 
7.00 
44.25 
23.00 
Big Lost River 
161 
160 
Recent 
WGU 
10.50 
3.50 
39.00 
34.50 
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pyroxene weathering are observed in the samples with highly weathered 
grains exhibiting hacksaw or coxcomb terminations. No other heavy 
minerals have such a consistent pattern of decreasing content with age. 
The dissolution of limestone pebbles in terraces of all ages was 
observed. The majority of pebbles from samples 78, 79, 83-89, 93, 94, 
101-104, 106, 107, and 116-118 (Appendix I) were coated with calcium 
carbonate. These locations are in close proximity to the limestone 
outcrops and most contained large percentages of limestone pebbles. As 
the limestone weathered, the calcium carbonate perculated in solution 
through the soil and was reprecipitated on other pebbles on the 
terraces below the outcrops. 
The terraces were exposed to the same weathering processes as the 
associated tills of the region. It is to be expected that some of the 
pedologic characteristics used to determine a relative dating 
stratigraphy of till (Wigley, 1976, Stewart, 1977 and Cotter, 1980) 
would be observed in the outwash deposits of different ages. 
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CONCLUSIONS 
The provenance investigation of glacial outwash deposits in the 
Copper Basin, Wildhorse Basin, and North Fork Basin has led to the 
following conclusions: 
A.) Deposits from eleven major source areas, individual canyons, 
or groups of canyons with common suites, are defined on the basis of 
pebble lithologies and heavy mineral suites. The distinctive pebble 
lithologies and heavy mineral suites for each source area are presented 
in detail as Table 3. The indicaifcpr pebble lithologies and heavy 
minerals are listed below. The term "indicator" is used to denote the 
most diagnostic pebbles and heavy minerals in each assemblage. The 
presence of the indicator species is invaluable in determining the 
possible source canyon. 
1. Anderson, Smelter, Steve, Charcoal, and Coal Canyons 
Indicator pebble lithology: volcanic 
Indicator heavy mineral: clinopyroxene 
2. Broad, Bellas, Howell, and Ramey Canyons 
Indicator pebble lithology: pink porphyritic granite 
Indicator heavy minerals: biotite and monazite 
3. Corral Creek Canyon 
Indicator pebble lithology: white porphyritic granite 
Indicator heavy minerals: opaques and biotite 
4. Fall Creek and Left Fork of Fall Creek Canyons 
Indicator pebble lithologies: quartz monzonite and pink 
porphyritic granite 
Indicator heavy minerals: hornblende, monazite, and 
sphene 
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5. Kane Canyon 
Indicator pebble lithology: metamorphic 
Indicator heavy minerals: biotite, hornblende, diopside 
garnet, and topaz 
6. Lake Creek Canyon 
Indicator pebble lithology: quartz monzoriite 
Indicator heavy minerals: hornblende and epidote 
7. North Fork of the Big Lost River 
Indicator pebble lithologies: sandstone, black chert, 
and volcanic 
Indicator heavy mineral: opaques 
8. Phi Kappa Creek Canyon 
Indicator pebble lithology: none 
Indicator heavy minerals: spinel and diopside 
9. Star Hope and Muldoon Canyons 
Indicator pebble lithology: clastic 
Indicator heavy mineral: opaques 
10. Summit Creek Canyon 
Indicator pebble lithologies: granite and clastic 
Indicator heavy minerals: opaques, biotite, and sphene 
11. Wildhorse Canyon 
Indicator pebble lithology: metamorphic 
Indicator heavy minerals: hornblende, diopside, 
calcite, and garnet 
B.) Within the glacial limits of the Copper Basin, the terraces 
have the following provenance: 
1. The provenance of outwash downstream of Lake Creek, Star Hope, 
Muldoon, Broad, Bellas, Howell, and Ramey Canyons on the west _. 
side of the Copper Basin indicates fluvial mixing of the 
respective lithologies. Lake Creek. Canyon and the Broad Canyon 
Complex were the dominant outwash contributors based on 
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the presence of monzonite and pink porphyritic granite pebbles, 
and the heavy minerals biotite, epidote, hornblende, and 
monazite, in the outwash (Plates 2 and 3, and Figures 12, 13, 
22, 23, 24, and 25). 
2. The provenance of the outwash between the mouths of Star Hope 
and Muldoon Canyons before Lake Creek and Broad Canyons join 
with Star Hope Creek is derived from Star Hope and Muldoon 
Canyon sources. The clastic lithology and opaque heavy mineral 
content are the most important provenance indicators of this 
outwash (Plates 2 and 3, and Figures 6 and 16). 
3. The provenance of terraces in Corral Creek Canyon indicates a 
local source. The limited occurrence of white porphyritic 
granite pebbles and decreasing opaques and biotite in the heavy 
mineral suite suggest only marginal amounts of this system were 
contributed to the outwash leaving the Copper Basin (Plates 2 
and 3, and Figures*13, 16, and.22). 
4. The provenance of the undifferentiated outwash at the mouths of 
Anderson, Smelter, Steve, Charcoal, and Coal Canyons identifies 
a local source. The outwash did not mix with the Corral Creek 
or Lake Creek outwash which crossed the Copper Basin to Cabin 
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Creek. The presence of large amounts of volcanics and 
clinopyroxene in the vicinity of the Anderson Canyon Complex is 
characteristic of the localized occurrence of these deposits 
(Figures 10 and 19). 
C.) Within the glacial limits of the Wildhorse Basin the terraces 
have the following provenance: 
1. The provenance of terraces on the west side of the mouth of the 
Wildhorse Canyon indicates a predominate Wildhorse Creek 
. source. Minimal contributions were made from Fall Creek on the 
basis of metamorphic pebbles, and diopside and garnet in the 
heavy mineral suite (Plates 2 and 3, and Figures 11, 28 and  : 
30) . 
2. The provenance of the outwash deposits on the eastern side of 
the mouth of Wildhorse Canyon identifies Fall Creek as the 
dominant source. Minor fluvial mixing with the Wildhorse Creek 
outwash is observed. Quartz monzonite pebbles and the heavy 
mineral monazite are the important provenance indicators 
(Plates 2 and 3, and Figures 12 and 25). 
3. The provenance of the terraces within Wildhorse Canyon 
downstream of the confluence of Wildhorse and Fall Creeks 
indicates some degree of fluvial mixing between the two 
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sources. Metamorphic and quartz monzonite pebbles, along with 
zircon and monazite are the important indicator species (Plates 
2 and 3, and Figures 11, 12, 18, and 25). 
D.) Within the North Fork Drainage the terraces have the following 
provenance: 
1. The provenance of the terraces along Summit Creek, upstream of 
the North Fork and Kane Creek, denotes Summit and Phi Kappa 
Creeks as the primary sources. Granitic pebbles, opaques, 
sphene, and spinel are the important provenance indicators 
(Plates 2 and 3, and Figures 14, 16, 26, and 29). 
2. The provenance of the outwash along Summit Creek at the mouth 
of Kane Creek indicates Kane Canyon as the predominant source. 
Metamorphic pebbles, opaque content, hypersthene, biotite, 
. hornblende, and topaz dispersion patterns are the diagnostic 
criteria (Plates 2 and 3, and Figures 11, 16, 20, 22, 24, and 
27). 
3. The provenance of the terraces at the mouth of the North Fork 
"•*     of the Big Lost River identifies the North Fork as" the major 
source area. The presence of sandstone pebbles and opaque 
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heavy minerals and the lack of monazite, sphene, and garnet are 
the characteristic provenance indicators (Plates 2 and 3, and 
Figures 7, 16, 25, 26, and 30). 
E.) Beyond the maximum glacial extent the outwash terraces have 
the following provenance: 
1. The provenance of the terraces along the East Fork of the Big 
Lost River between the Copper Basin and Little Boone Creek 
indicates that Lake Creek and the Broad Canyon Complex were the 
dominant outwash contributors. The presence of monzonite 
pebbles and the heavy mineral zircon are the important 
indicators (Plates 2 and 3, and Figures 12 and 18). 
2.  The provenance of the outwash deposits between Rider and Willow 
Creeks identify Lake Creek and the Broad Canyon Complex in the 
east, and Fall and Wildhorse Canyons on the west, as the source 
areas. The presence of metamorphic pebbles that could only 
come from Wildhorse Canyon, and the zircon, monazite, and topaz 
heavy minerals from the Copper Basin are the criteria used to 
determine the provenance (Plates 2 and 3, and Figures 11, 18, 
25, and 27). 
3. The provenance of the terraces along the North Fork of the Big 
Lost River downstream of the confluence with Kane and Summit 
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Creeks reflect the four source populations. The provenance of 
the outwash on the southern side of the river shows a Kane 
Canyon source on the basis of hornblende content (Plate 3 and 
Figure 24). The provenance of deposits on the northern side of 
the river were predominantly derived from the North Fork as 
evidenced by the sandstone and opaque minerals (Plates 2 and 3, 
and Figures 7 and 16). 
4. The provenance of the outwash along the Big Lost River 
indicates fluvial mixing from North Fork, Kane, Summit, Phi 
Kappa, Fall, and Wildhorse Creeks. Contributions from the 
Copper Basin populations couldn't be identified since no 
distinctively different minerals come from that region. 
5. In addition to the composition of the major source areas, the 
following factors can be shown to have controlled the 
composition of outwash sequences in certain areas. Those 
detected are: 
a. The incorporation of carbonate materials into terraces at 
 i. 
Dry Canyon from outcrops beyond the ice margin through 
meltwater discharge. A similar observation is made along 
1
 the East Fork of the Big Lost River near Boone Creek where 
volcanic outcrops are located (Discussion on pages 78-79). 
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b. The unequal mixing of glaciofluvial channels near the 
glacial terminus is observed in the terraces at the mouths 
of Wildhorse Canyon and the confluence of North Fork, 
Summit, and Kane Creeks (Discussion on pages 79-86). 
c. The variable size of'the glaciers correspond to the 
provenance suites of the drainage basins charging them as 
illustrated in the Copper Basin between the Potholes I and 
III glaciations (Discussion on pages 87-93). 
d. The tributary blockage and local confinement of outwash from 
Star Hope and Muldoon Canyons in the Copper Basin by the 
Road Creek III glacial readvance from Lake Creek Canyon 
(Discussion on pages 98-99). 
e. Fluvial mixing affects the provenance suites but preserves 
the lobal relationship between the Lake Creek Canyon and 
Broad Canyon Complex lobes in the Copper Basin and the Fall 
Creek and Wildhorse lobes in Wildhorse Canyon during the 
late Potholes glaciation (Discussion on pages 93-103). 
f. The topography from older moraines in the North Fork 
^drainage diverts meltwater channels (Discussion on pages 
103-110). 
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F.) Several specific relationships can be identified by terrace 
deposits: 
■■•[ 
1. Based on the distribution and percentage of rrietamorphic (3%) 
pebbles it is inferred that the Copper Basin and early Potholes 
glaciers dammed a large lake along the East Fork of the Big 
Lost River from Wildhorse Canyon to Rider Creek. This lake is 
named "Glacial Lake East Fork" (Discussion on pages 112-114). 
2. The presence of garnets (<1%) and sandstone pebbles (1%) 
upstream of their respective Kane Canyon and North Fork sources 
indicates a glacial lake might have existed in Summit Creek 
when North Fork and Kane Canyon ice lobes blocked the Summit 
Creek drainage (Discussion on pages 114-115). 
3. Wildhorse Canyon outwash was moved 32 kilometers (20 miles) 
downstream from the bedrock source by jfikulhlaup discharge when 
Glacial Lake East Fork catastrophically drained (Discussion on 
pages 115-119). 
G.) Relative lithologic hardness of the pebbles results in 
limestone attrition first, followed in order by porphyritic granites, 
quartz monzonites, volcanics, metamorphics, quartzites, and lastly 
conglomerates being lost from the glacially derived outwash. Heavy 
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minerals are better long distance indicators (Discussion on pages on 
119-121). 
H.) Pedogenic processes affect terrace composition in two ways. 
Weathering results in the loss of clinopyroxene and hornblende through 
alteration and the loss of calcite by dissolution of carbonate material 
(Discussion on pages 122-124). 
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REFERENCES 
Anderson, R. C, 1955, Pebble lithology of the Marseilles till sheet in 
northeastern Illinois: Journal of Geology, v. 63, p. 228-243. 
,1957, Pebble and sand lithology of the major Wisconsin 
glacial lobes of the central lowlands: Geological Society of 
America Bulletin, v. 68, p. 1415-1450. 
Arneman, H. F., and Wright, H. E., 1959, Petrography of some Minnesota 
tills: Journal of Sedimentary Petrology, v. 29, p. 540-554. 
Brugger, K. A., Evenson, E. B., and Stewart, R. A., 1983, Chronology 
and style of glaciation in the Wildhorse Canyon area:  Idaho, in 
Evenson, E. B., SchlQchter, Ch., and Rabassa, J., eds., Tills and 
Related Deposits: Rotterdam, A. A. Balkema, p. 151-175. 
Citrone, J. M., 1978, A Petrographic study of the Challis Volcanics, 
White Knob Mountains, Custer County, Idaho [unpublished M.S.    ■ 
Thesis]: Bethelehem, Pennsylvania, Lehigh University, 141 p. 
Clague, J. J., 1975, Glacial flow patterns and the origin of late 
Wisconsinan till in the southern Rocky Mountains Trench, British 
Columbia: Geological Society of America Bulletin, v. 86, 
p. 721-731. 
Connaly, C. G., 1960, Heavy minerals in the glacial drift of western 
New York: Proceedings of the Rochester Academy of Science, 
v. 10, p. 241-287. 
Cotter, J. F. P., 1980, The Glacial geology of North Fork of the Big 
Lost River, Custer County, Idaho [unpublished M.S. Thesis]: 
Bethlehem, Pennsylvania, Lehigh University, 102 p. 
Deer, W. A., Howie, R. A., and Zussman, J., 1975, An Introduction to 
the Rock Forming Minerals: London, Longman Group Limited, 528 p. 
Dover, J. H., 1966, Bedrock Geology of the Pioneer Mountains, Blaine 
and Custer Counties, Icfcho [Ph.D. Thesis]: University of 
Washington, 138 p. 
 , 1969, Bedrock Geology of the Pioneer Mountains, Blaine and 
Custer Counties, Central Idaho: Idaho Bureau of Mines and Geology 
Pamphlet 142, 66 p. 
135 
Dover, J. H„, Hall, W. E., Hobbs, S. W., Tschanz, C. M., Batchelder, 
J. M., and Simons, F. S., 1976, Geologic Map of the Pioneer 
Mountains Region, Blaine and Custer Counties, Idaho: U. S. 
Geological Survey Open-File Report. 76-75. 
Dreimanis, A., and Goldthwaite, R. P., 1973, Wisconsin glaciation in 
the Huron, Erie, and Ontario Lobes: Geological Society of America 
Memoir 136, p. 71-106. 
Dreimanis, A., and Reavely, G. H., 1953, Differentiation of the lower 
and upper tills along the north shore of Lake Erie: Journal of 
Sedimentary Petrology, v. 23, p. 238-259. 
Evenson, E. B., Cotter, J. F. P., and Clinch, J. M., In Press, 
Glaciation of the Pioneer Mountains: A proposed model for Idaho, 
in Breckenridge, R., ed., Cenozoic of Idaho:  Idaho Bureau of 
Mines. 
Evenson, E. B., Pasquini, T. A., Stewart, R. A., and Stevens, G. C, 
1979, Systematic provenance investigations in areas of alpine 
glaciation: Applications to glacial geology and mineral 
exploration, in SchlUchter, Ch., ed., Moraines and Varves: 
Rotterdam, A. A. Balkema, p~. 25-42. 
Frye, J. C, Glass, H. D., Kempton, J. P., and Willman, H. B., 1969, 
Glacial tills of northwestern Illinois: Illinois State. Geological 
Survey Circular 437, 45 p. 
Frye, J. C, Willman, H. B., and Glass, H. D., 1964, Cretaceous 
deposits and the Illinoian glacial boundary in western Illinois: 
Illinois State Geological Survey Circular 364, 28 p. 
Gravenor, C. P., 1951, Bedrock source of tills in southwestern Ontario: 
American Journal of Science, v. 249, p. 66-71. 
Hall, W. E., Batchelder, J., Douglass, R. C, 1974, Stratigraphic 
section of the Wood River Formation, Blaine County, Idaho: U. S. 
Geologic Survey Journal of Research, v. 2, p. 89-95. 
Heinrich, E. Wm., 1965, Microscopic Identification of Minerals: New 
York, McGraw-Hill, 414 p. 
Holmes, C. D., 1952, Drift dispersion in west-central New York: 
Geological Society of America Bulletin, v. 63, p. 993-1010. 
MacC).intock, P., 1933, Correlation of the Pre-Illinoian drifts of 
Illinois: Journal of Geology, v. 41, p. 710-722. 
Mathis, R. W., 1944, Heavy minerals of Colorado river terraces of 
Texas: Journal of Sedimentary Petrology, v. 14, p. 86-93. 
136 
Mears, B., 1974, The evolution of 'the Rocky Mountain glacial model, in 
Coates, D. R., ed., Glacial Geomorphology: New York State 
University Publisher, p. 11-40. 
Nelson, W. H., and Ross, C. P., 1969, Geology of the Mackay 30 minute 
quadrangle: U. S. Geological Survey Open-File Report, 215 p. 
Pasquini, T. P., 1976, Provenance investigation of the glacial geology 
of the Copper Basin, Idaho [unpublished M.S. Thesis]: Bethlehem, 
Pennsylvania, Lehigh University, 136 p. 
Paull, R. A., and Gruber, D. P., 1977, Little Copper Formation: New 
name for the lowest formation of the Mississippian Copper Basin 
Group, Pioneer Mountains, south-central Idaho: American 
Association of Petroleum Geologists Bulletin, v. 61, p. 256-262. 
Paull, R. A., Wolbrink, M. A., Volkmann, R. G., and Grover, R. L., 
1972, Stratigraphy of the Copper Basin Group, Pioneer Mountains, 
south-central Idaho: American Association of Petroleum 
Geologists Bulletin, v. 56, p. 1370-1401. 
Plumley, W. J., 1948, Black Hills terrace gravels: A study of sediment 
transport: Journal of Geology, v. 56, p. 526-557. 
Repsher, A. A., 1980, Provenance of glacial deposits in the Pioneer 
Mountains, Blaine and Custer Counties [unpulished M.S. Thesis]: 
Bethlehem, Pennsylvania, Lehigh University. 
Richmond, G. M., 1965, Glaciation of the Rocky Mountains, in Wright, 
H. E., and Frey, D. G., eds., The Quaternary of the United States: 
Princeton, New Jersey, Princeton University Press, p. 217-230. 
Ross, C. P., 1962, Upper Paleozoic rocks in central Idaho: American 
Association of Petroleum Geologists Bulletin, v. 46, p. 384-387. 
Sandburg, C. A., 1975, Stratigraphy, conodont dating, and paleotectonic 
interpretaion of the type Milligen Formation (Devonian), Wood 
River area, Idaho: U. S. Geological Survey Journal of Research, 
v. 3, p. 707-720. 
Stewart, R. A., 1977, The glacial geology of Wildhorse Canyon, Custer 
County, Idaho [unpublished M.S. Thesis]: Bethlehem, 
Pennsylvania, Lehigh University, 102 p. 
Sweeney, G. T., 1957, Geology of the Copper Basin, Custer County, Idaho 
[M.S. Thesis]: University of Idaho, 66 p. 
Udden, J. A., 1899, Some Cretaceous drift pebbles in northern Iowa: 
American Geologist, v. 24, p. 389-390. 
137 
Umpleby, S. G., Westgate, L. G., and Ross, C. P., 1930, Geology and ore 
deposits.of the Wood River region, Idaho: U. S. Geological Survey 
Bulletin 84, 250 p. 
Wigley, W. C., 1976, The glacial geology of the Copper Basin, Custer 
County, Idaho [unpublished M.S. Thesis]: Bethlehem, Pennsylvania, 
Lehigh University, 104 p. 
Willman, H. B., Glass, H. D., and Frye, J. C., 1963, Mineralogy of 
glacial tills and their weathering profiles in Illinois, Part I, 
Glacial tills: Illinois State Geological Survey Circular 347, 
55 p. 
138 
APPENDIX I 
Pebble Count Data 
in Real Numbers 
Sample 
Site 1 2 3 4 5 6 7 8 9 10 
Argillite 6 11 5 10 0 2 0 1 11 2 
Conglomerate 0 2 0 5 2 2 2 3 13 1 
Quartzite 63 48 45 47 8 14 8 13 59 36 
Wh. Quartz 0 0 0 0 0 0 0 0 0 0 
Limestone 0 0 0 0 0 0 0 0 0 0 
Sandstone 0 0 0 0 0 0 0 0 0 0 
Bl. Chert 0 0 0 0 0 0 , 0 0 0 0 
Volcanic 8 12 24 29 90 81 90 83 14 60 
Metamorphic 0 0 0 0 0 0 0 0 0 0 
Monzonite 0 0 0 11 0 0 0 0 0' 1 
Pk. Granite 0 0 0 0 0 0 0 0 0 0 
Wh. Granite 21 22 19 1 0 0 0 0 0 0 
Granite 0 0 0 0 0 0 0 0 0 0 
Undiff. Ign. 0 0 0 0 0 0 0 0 0 0 
Altered 2 6 7 0 0 1 0 0 0 0 
Total       100  101  100  103  100  100  100  100   97  100 
Count 
139 
Sample 
Site 11 12 13 14 15 16 17 18 19 20 
Argillite 1 0 1 4 3 3 7 11 3 14 
Conglomerate 7 0 19 19 15 4 33 •3 17 8 
Quartzite 3 20 0 5 5 7 60 55 69 70 
Wh. Quartz 0 0 0 0 0 0 0 0 0 0 
Limestone 0 0 0 0 0 0 - 0 0 0 0 
Sandstone 0 0 0 0 0 0 0 0 0 0 
Bl. Chert 0 0 0 0 0 0 0 0 0 0 
Volcanic 89 36 10 7 "3 14 0 33 11 15 
Metamorphic 0 0 0 0 0 0 0 0 0 0 
Morizonite 0 36 61 67 73 73 0 0 0 0 
Pk. Granite 0 0 0 0 0 0 0 0 0 0 
Wh. Granite 0 0 0 0 0 0 0 ■ 0 0 0 
Granite 0 0 0 0 0 0 0 0 0 0 
Undiff. Ign. 0 0 1 3 1 0 0 0 0 0 
Altered 0 4 0 0 0 0 0.- 0 0 0 
Total 
Count 
100 96 101 105 100 101 100 102 100 107 
140 
Sample 
Site 21 22 23 24 25 26 27 28 29 30 
Argillite 15 6 37 10 36 32 9 33 37 45 
Conglomerate 15 11 30 3 39 25 17 32 32 21 
Quartzite 50 61 25 67 10 24 67 19 14 24 
Wh. Quartz 0 0 0 0 0 0 0 0 0 0 
Limestone 0 0 0 0 0 0 0 0 0 0 
Sandstone 0 0 0 0 0 0 0 0 0 0 
Bl. Chert 0 0 0 0 0 0 0 0 0 0 
Volcanic 21 22 9 19 16 19 9 18 21 10 
Metamorphic 0 0 0 0 0 0 0 0 0 0 
Monzonite 0 0 0 1 0 0 0 0 0 0 
Pk. Granite 0 0 0 0 0 0 0 0 0 0 
Wh. Granite 0 0 0 0 0 0 0 0 0 0 
Granite 0 0 0 0 0 0 0 0 0 0 
Undiff. Ign. 0 0 0 0 0 0 0 0 0 0 
Altered 0 0 0 0 0 0 0 0 0 0 
Total       101  100  101  100  101  100  102  102  104  100 
Count 
141 
Sample 
Site 31 32 33 34 35 36 37 38 39 40 
Argillite 52 36 8 9 0 6 5 17 23 32 
Conglomerate 19 34 8 5 0 12 7 3 9 14 
Quartzite 16 22 59 73 14 26 33 16 39 33 
Wh. Quartz 0 0 0 0 0 0 0 5 0 0 
Limestone 0 0 0 0 0 0 0 0 0 0 
Sandstone 0 0 0 0 0 0 0 0 0 0 
Bl. Chert 0 0 0 0 0 0 0 0 0 0 
Volcanic 12 8 33 12 6 19 24 14 !9 13 
Metamorphic 0 0 0 0, 0 0 0 0 0 0 
Monzonite 1 0 0 1 7 37 30 4 12 9 
Pk. Granite 0 0 0 0 67 0 0 41 0 0 
Wh. Granite 0 0 0 0 0 0 0 0 0 0 
Granite 0 0 0 0 0 0 0 0 0 0 
Undiff. Ign. 0 0 0 0 3 0 0 0 0 0 
Altered 0 0 0 0 4 0 0 0 0 0 
Total       100  100  108  100  101  100   99  100  102  101 
Count 
142 
Sample 
Site 41 42 43 44 45 46 47 48 49 50 
Argillite 20 6 12 11 0 12 6 4 2 2 
Conglomerate 12 5 10 6 1 3 8 6 8 2 
Quartzite 43 66 50 42 12 40 53 58 32 58 
Wh. Quartz 0 0 1 1 0 1 0 - 0 0 0 
Limestone 0 0 0 0 0 0 0 0 0 0 
Sandstone 0 0 0 0 0 0 0 0 0 0 
Bl. Chert 0 0 0 0 0 0 0 0" 0 0 
Volcanic 13 16 19 24 42 31 18 15 39 30 
Metamorphic 0 0 0 0 0 0 0 0 0 0 
Monzonite 9 9 8 8 1 9 8 8 7 2 
Pk. Granite 4 4 0 3 1 4 3 3 1 1 
Wh. Granite 0 0 0 0 0 0 0 0 0 0 
Granite 0 0 0 0 0 0 0 0 0 0 
Undiff. Ign. 0 0 0 0 0 0 0 0 0 0 
Altered 0 0 1 5 43 5 4 6 11 4 
Total       101  106  101  100  100  105  100  100  100   99 
Count 
143 
Sample 
Site 51 52 53 54 55 56 57 58 59 60 
Argil-lite 7 4 7 6 2 3 0 5 10 7 
Conglomerate 11 3 7 3 3 5 10 8 5 8 
Quartzite 55 33 27 35 38 41 34 44 39 38 
Wh. Quartz 0 0 1 0 0 0 0 0 0 A  0 
Limestone 0 0 0 0 0 0" 0 0 0 0 
Sandstone 0 0 0 0 0 0 0 0 0 0 
Bl. Chert 0 0 0 0 0 0 0 0 0 0 
Volcanic 20 42 40 53 48 36 47 31 37 36 
Metamorphic 0 0 0 0 0 0 0 0. 0 0 
Monzonite 5 9 6 1 4 5 0 • 2 1 6 
Pk. Granite 1 3 5 1 2 1 0 1 1 0 
Wh. Granite 0 - 0 0 0 0 0 0 0 0 0 
Granite 0 0 0 0 3 0 1 0 0 0 
Undiff. Ign. 0 0 0 0 0 1 0 0 0 0 
Altered 1 6 7, 1 2 8 8 13 7 ^ 
Total       100  100  100  100  102  100  100  104  100  100 
Count 
144 
Sample 
Site 61 62 63 64 65 66 67 68 69 70 
Argillite 3 2 3 1 1 0 3 2 5 7 
Conglomerate 7 9 5 1 1 0 14 4 3 7 
Quartzite 24 42 41 46 8 5 48 46 34 39 
Wh. Quartz 0 0 0 0 0 0 0 1 0 0 
Limestone 0 , - 0 0 0 0' 0 0 0 0 0 
Sandstone 0 0 0 0 0 0 0 0 0 0 
Bl. Chert 0 0 0 0 0 0 0 0 0 0 
Volcanic 64 43 42 42 86 90 20 35 46 26 
Metamorphic 0 0 0 0 0 Q 0 0 0 6 
Monzonite 1 8 0 3 0 0 8 3 3 7 
Pk. Granite 1 2 0 2 0 0 2 1 2 0 
Wh. Granite 0 0 0 1 0 0 2 0 0 0 
Granite 0 1 0 0 0 0 0 0 1 0 
Undiff. Ign. 0 0 0 0 0 0 0 0 0 1 
Altered 0 1 9 4 4 5 3 8 7 8 
Total       100  108  100  100  100  100  100  100  101  101 
Count 
145 
Sample 
Site 71 72 73 74 75 76 77 78* 79* 80 
Argillite 3 4 3 6 0 5 2 5 5 3 
Conglomerate . 8 22 0 3 2 11 3 4 2 4 
Quartzite 44 70 12 46 22 51 67 59 86 40 
Wh. Quartz 1 0 0 . 0 0 0 0 0 1 0 
Limestone 0 0 0 0 0 • 0 0 4 1 0 
Sandstone 0 0 0 0 0 0 0 0 0 0 
Bl. Chert 0 0 0 0 0 0, 0 0 0 0 
Volcanic 28 2 65 25 70 21 16 8 1 34 
Metamorphic 3 0 4 3 0 2 1 8 0 1 
Monzonite 5 0 6 6 0 8 4 2 0 5 
Pk. Granite 3 0 1 3 0 0 0 5 0 0 
Wh. Granite 0 0 0 0 0 0 0 0 0 0 
Granite 0 0 0 0 0 1 1 0 0 0 
Undi.ff. Ign. 0 0 1 2 0 0 0 0 0 0 
Altered 6 3 9 6 7 11 7 5 4 13 
Total       101  101  101  100  101  110  101  100  100  100 
Count 
* Denotes calcium carbonate coating on majority of pebbles. 
146 
Sample    ( 
Site V81/ /_82\ 83* 84* 85* 86* 87* 88* 89* 90 
Argillite 2 3 V 2 3 5 7 6 15 21 
Conglomerate 2 7 6\ 2 1 3 3 2 3 7 
Quartz its' 50 77 77 . 34 44 46 31 49 48 30 
Wh. Quartz 0 0 ' 0 0 0 0 0 0 0 4 
Limestone 0 0 0 57 48 38 54 39 ' 16 3 
Sandstone 0 0 0 0 0 0 0 0 0 ■0 
Bl. Chert 0 0 0 0 0 0 0 0 0 0 
Volcanic 30 0 1 0 1 1 0 0 4 1 
Metamorphic 2 4 4 0 0 2 0 0 5 0 
Monzonite 5 1 1 1 1 3 0 0 1 15 
Pk. Granite 0 1 0 1 0 0 0 0 2 6 
Wh. Granite 0 0 0 0 0 0 0 0 0 0 
Granite 0 0 0 0 0 0 0 0 0 5 
Undiff. Ign. 0 0 0 0 0 0 0 0 0 0 
Altered 9 9 10 3 2 2 6 4 5 6 
©> 
Total 
Count 
100  102  103  100  100  100  101  100 99 98 
-* Denotes calcium carbonate coating on majority of pebbles. 
147 
Sample 
Site 91 92 93* 94* 95 96 97 
Argillite 12 17 18 9 11 1 2 
Conglomerate 1 0 0 1 7 4 1 
Quartzite 40 30 40 24 33 21 15 
Wh. Quartz 0 6 1 ' 0 4 0 0 
Limestone 1 2 11 35 21 1 0 
Sandstone 0 0 0 0 0 0 0 
Bl. Chert 0 0 0 0 0 0 0 
Volcanic 12 22 3 1 5 5 0 
Metamorphic 0 0 0- 6 4 55 62 
Monzonite 23 15 22 21 8 9 19 
Pk. Granite 7 5 5 4 5 0 1 
Wh. Granite 0 0 0 0 0 0 0 
Granite 3 3 3 0 0 0 0 
Undiff. Ign. 0 0 0 0 0 0 0 
Altered 2 0 1 3 2 4 2 
Total 
Count 
101 100 104 104 100 100 102 
98#  99   100 
5 8 
9 5 
18 37 
0 1 
0 0 
0 0 
0 0 
29 21 
27 23 
7 3 
0 0 
0 0 
0 0 
0 0 
5 2 
100   103 
* Denotes calcium carbonate coating on majority of pebbles. 
# No Pebble Data - Sample obtained near headwater source of Wildhorse 
Creek. No terraces were present. 
148 
Sample 
Site       101* 102* 103* 104* 105  106* 107* 108  109  110 
Argillite 6 13 12 4 2 10 9 5 4 8 
Conglomerate 1 2 4 5 4 0 0 3 12 13 
Quartzite 10 25 22 34 22 36 30 36 36 46 
Wh. Quartz 2 0 2 1 5 0 0 0 0 0 
Limestone 34 15 19 0 0 28 51 1 1 1 
Sandstone 0 0 0 0 0 0 0 0 0 0 
Bl. Chert 0 0 0 0 0 0 0 0 0 0 
Volcanic 0 5 2 • 8 1 1 2 36 19 19 
Metamorphic 19 23 27 39 54 19 0 1 3 0 
Monzonite 20 11 10 6 7 0 3 13 14 2 
Pk. Granite 6 5 2 0 3 0 0 0 0 0 
Wh. Granite 0 0 0 0 0 0 0 0 0 0 
Granite 0 0 0 0 0 0 0 0 0 0 
Undiff. Ign. 0 0 0 0 0 0 0 0 0 0 
Altered 2 2 1 3 3 6 5 7 11 11 
Total      100  101  101  100  101  100  100  102  100  100 
Count 
* Denotes calcium carbonate coating on majority of pebbles. 
149 
Sample 
Site       111  112  113  114  115  116* 117* 118* 119  120 
Argillite 11 8 9 5 1 9 8 12 8 18 
Conglomerate 1 5 4 3 0 2 3 1 8 11 
Quartzite 42 39 40 67 31 55 39 38 46 47 
Wh. Quartz 0 0 2 0 0 0 0 1 0 2 
Limestone 0 0 0 3 1 25 30 38 1 0 
Sandstone 0 0 0 0 0 0 0 0 0 0 
Bl. Chert 0 0 0 ■$   o 0 0 0 0 0 0 
Volcanic 8 4 16 15 48 0 13 2 32 5 
Metamorphic 24 35 18 13 7 7 3 . 6 3 11 
Monzonite 0 7 0 1 1 0 1 3 1 0 
Pk. Granite 6 1 14 0 0 0 0 0 0 0 
Wh. Granite 0 0 0 0 0 0 0 0 0 0 
Granite 0 0 0 0 0 0 0 0 0 0 
Undiff. Ign. 0 0 0 0 0 0 0 0 0 0 
Altered 8 1 1 5 13 2 3 0 2 5 
Total       100  100  104  112  102  100  100  101  101   99 
Count 
* Denotes calcium carbonate coating on majority of pebbles. 
150 
Sample 
Site 121 122 123 • i24 125 126 127 128 129 130 
Argillite 13 12 20 11 14 13 13 7 14 8 
Conglomerate 8 6 2 8 9 8 5 5 5 6 
Quartzite 60 41 45 39 55 57 64 67 69 60 
Wh. Quartz 0 0 0 0 1 0 0 0 4 1 
Limestone 0 0 0 0 0 0 0 0 0 0 
Sandstone 0 0 0 0 0 0 0 1 0 0 
Bl. Chert 0 0 0 0 0 0 0 0 0 0 
Volcanic 4 37 10 28 8 16 4 7 1 2 
Metamorphic 12 4 22 9 12 7 12 0 0 0 
Monzonite 0 0 0 0 0 0 0 0 0 0 
Pk. Granite 0 0 0 0 0 0 0 0 0 0 
Wh. Granite 0 0 0 0 0 0 0 0 0 0 
Granite 0 0 0 0 0 0 0 13 2 20 
Undiff. Ign. 0 0 0 0 0 0 1 0 0 0 
Altered 3 0 1 5 1 4 2 1 5 
i 
3 
Total 
Count 
100 100 100 100 100 105 101 101 100 100 
151 
Sample 
Site 131 132 133 134 135 136 137 138 139 140 
Argillite 9 7 12 12 4- 11 6 7 7 11 
Cong lamer ate 6 0 10 7 5 4 5 7 9 5 
Quartzite 72 58 49 76 65 69 67 65 57 16 
Wh. Quartz 0 2 0 0 0 0 0 0 0 0 
Limestone 0 0 0 0 3 0 0 -0  1 0 
Sandstone 0 0 0 2 2 1 1 1 1 14 
Bl. Chert 0 0 0 0 0 0 0 0 0 2 
Volcanic 1 3 2 0 2 5 2 2 13 41 
Metamorphic 0 0 0 0 0 0 0 0 8 0 
Monzonite 0 0 0 0 0 0 0 0 0 0 
Pk. Granite 0 0 0 0 0 0 0 0 0 0 
Wh. Granite 0 0 0 0 0 0 0 0 o- ... 0 
Granite 14 26 26 3 20 8 19 18 3 0 
Undiff. Ign. 0 0 1 0 0 0 0 .. 0 0 7 
Altered 2 4 0 0 0 2 1 0 1 5 
Total       104  100  100  100  101  100  101  100  100  101 
Count 
152 
Sample 
Site       141  142  143  144  145  146  147  148* 149'  150 
Argillite 32 14 9 14 17 19 15 13 8 11 
Conglomerate 1 5 2 2 2 2 2 6 2 9 
Quartzite 30 33 25 61 58 39 66 51 47 62 
Wh. Quartz 0 0 0 0 2 0 0 0 . 0 0 
Limestone 1 0 0 0 0 0 0 0 0 0 
Sandstone 7 5 12 0 0 0 0 2 0 0 
Bl. Chert 0 4 1 5 0 2 2 3 1 0 
Volcanic 25 37 43 17 18 33 12 . 23 36 5 
Metamorphic 0 0 0 0 2 0 0 1 3 10 
Monzonite 0 0 0 0 0 0 0 0 0 0 
Pk. Granite 0 0 0 0 0 0 0 0 0 0 
Wh. Granite 0 0 0 0 0 0 0 0 0 0 
Granite 0 0 0 0 0 0 0 0 1 2 
Undiff. Ign. 0 1 3 0 1 1 1 0 0 0 
Altered 4 1 5 2 0 4 2 1 3 1 
Total       100  100  100  101  100 ' 100  100  100  101  100 
Count 
Denotes calcium carbonate coating on majority of pebbles. 
153 
Sample 
Site       151  152  153  154  155  156  157  158  159  160 
Argillite 12 10 5 10 16 6 7 10 5 4 
Conglomerate 5 2 5 1 2 7 3 4 4 7 
Quartzite 55 58 57 80 57 53 42 45 54 53 
Wh. Quartz 0 0 0 0 0 0 0 0 0 0 
Limestone 0 0 0 0 0 0 0 0 15 9 
Sandstone « 0 1 0 1 1 1 1 1 1 
Bl. Chert 0 3 2 0 2 1 3 0 2 2 
Volcanic 
Metamorphic 
19 
6 
24 
3 
26 
3 
9 
0 
18 
4 
28 
4 
33 
9 
30 
8 
13 
6 
10 
10 
Monzonite 0 0 1 0 0 0 0 0 0 0 
Pk. Granite 0 0 0 0 0 0 0 0 0 1 
Wh. Granite 0 0 0 0 0 0 0 0 0 0 
Granite 3 0 0 0 0 1 0 0 1 3 
Undiff. Ign. 0 0 0 0 0 0 1 3 0 0 
Altered 3 0 1 0 2 1 1 0 0 . 1 
Total      103  100  101  100 ' 100  102  100  101  101  101 
Count 
154 
Sample 
Site       161  162  163  164  165 
Argillite 2 0 6 4 6 
Conglomerate 3 0 6 3 6 
Quartzite 53 3 53 39 44 
Wh. Quartz 0 0 0 0 0 
Limestone 0 0 0 5 0 
Sandstone 0 0 1 0 0 
Bl. Chert 4 0 3 1 0 
Volcanic 36 96 23 26 28 
Metamorphic 3 2 6 18 11 
Monzonite 0 0 0 0 0 
Pk. Granite 0 0 0 0 0 
Wh. Granite 0 0 0 0 0 
Granite 0 0 2 3 2 
Undiff. Ign. 0 ; 0 0 0 3 
Altered 0 0 0 2 1 
Total      101  101  100  101  100 
Count 
155 
APPENDIX II 
Boulder Count Data 
in Real Numbers 
Sample Site 164     165 
Conglomerate 
Quartzite 
Volcanic 
Metamorphic 
Igneous 
Other 
Total 100     100 
Count 
25-50 meter (82-164 feet) radius around sample sites. 
0 1 
4 16 
6 15 
86 68 
0 0 
4 0 
156 
APPENDIX III 
Heavy Mineral Data 
in Percentages 
Sample 
Site 12 4 7 12 13 
Opaque 49.50 82.75 43.25 25.00 20.50 23.75 
andalusite 0 0 0 0 0 0 
apatite 0 0 0.50 0 0 0 
var. blue apatite 0 0.50 0.50 0.25 0 0 
biotite 40.75 9.25 15.25 7.25 20.00 46.00 
brookite 0 0 0 0 0 0 
calcite -0000 0 0 
clinopyroxene 0. 0.25 3.75 32.00 4.25 0.75 
diopside 0 0 0 2.25 0.50 0.75 
epidote 0.50 0.50 2.50 0 6.50 3.50 
fluorite 0 0 0 0 0 0 
garnet-contact 0.25 0 0 0 0 0 
garnet-metamorphic 0 0 0 0 0 0 
hornblende 7.00 4.25 32.50 30.50 46.25 23.50 
hypersthene 0 0.25 0.25 2.00 0.50 0 
kyanite 0 0 0 0 0 0 
monazite 1.75 1.50 0.50 0 0 0.25 
muscovite 0 0 0.25 0.50 0 0.25 
Pennine 0 0 0 0 1.00 0.50 
rutile 0 0 0 0 0 0 
sillimanite 0 0 0 0 0 0 
sphene   ' 0 0 0.50 0 0.25 0.50 
spinel 0 0 0 0 0 0 
staurolite 0 0 0 0 0 0 
topaz 0 0 0 0 0 0.25 
tourmaline 0 0 0 0.25 0 0 
zircon 0.25 0.75 0.25 0 0.25 0 
zoisite 0 0 0 0 0 0 
Total Count 400    400    400    400     400     400 
157 
Sample 
Site 15     18     20     21     23     24 
Opaque 23.25  85.50  73.50  83.00   86.25   86.00 
andalusite 0 0.25 0 0 0 0.25 
apatite 0 0 0 0 0 0.25 
var. blue apatite 0 0 0 0 0 0 
biotite 24.75 9.75 14.50 7.50 9.00 4.25 
brookite 0 0 0 0 0 0 
calcite 0 0 0 0 0 0 
clinopyroxene 3.00 0.50 2.75 2.00 1.25 1.50 
diopside 1.25 0 0.25 0 0 0.75 
epidote 9.00 0 0.50 0 0.25 0.50 
fluorite 0 0 0 0 0 0 
garnet-contact 0 0 0 0 0 0 
garnet-metamorphic 0 0 0 0 0 0 
hornblende 36.00 2.25 5.50 5.00 2.00 3.75 
hypersthene 0 0 0 0.25 0.25 0 
kyanite 0 0 0 0 0 0 
monazite 0 0 0 0 0 0 
muscovite 0 0 0 0 0 0 
pennine 2.25 1.75 3.00 2.25 0.50 0 
rutile 0 0 0 0 0 0 
sillimanite 0 0 0 0 0 0 
sphene 0 0 0 0 0 0.75 
spinel 0 0 0 0 0 0 
staurolite 0 0 0 0 0 0 
topaz 0.25 0 0 0 0.25 1.50 
tourmaline 0 0 0 0 0 0 
zircon 0.25 0 0 0 0.25 0.50 
zoisite 0 0 0 0 0 0 
Total Count 400 400 400 400 400 400 
158 
£>ampie 
Site 26 27 31 32 34 35 
Opaque 82.50 34.25 62.00 54.50 63.50 2.25 
andalusite 0 0 0 0.25 0.75 0.25 
apatite o • 0.25 0 0 0 1.00 
var. blue apatite 0 0 0.25 0 0 0.25 
biotite 8.50 25.50 21.25 20.00 17.25 81.50 
brookite 0 0 0 0 0 0 
calcite 0 0 0 0 0 0 
clinopyroxene 3.25 5.75 1.25 5.25 6.00 0 
diopside 0 0 0 0.75 0.50 0 
epidote 1.25 1.25 1.00 1.50 0 0.25 
fluorite 0 0 0 0 0 0 
garnet-contact 0 0 0 0 0 0 
garnet-metamorphic 0 0 0 0 0 0 
hornblende 3.00 30.00 13.25 15.25 8.75 7.00 
hypersthene 0 1.00 0.25 1.25 0 0 
kyanite 0 0 0 0 0 0 
monazite 0 0 0 0 0 5.75 
muscovite 0 0 0 0 0.50 0 
Pennine 1.50 1.25 0.75 0.50 0.50 0 
rutile 0 0.25 0 0 0 0 
sillimanite 0 0 0 0 0 0 
sphene 0 0 0 0.25 0.75 0.75 
spinel 0 0 0 0 0 0 
staurolite 0 0 0 0 0 0 
topaz 0 0.25 0 0.25 1.25 1.00 
tourmaline 0 0 0 0 0.25 0 
zircon 0 0 0 0.25 0 0 
zoisite 0 0.25 0 0 0 0 
Total Count 400 400 400 400 400 400 
159 
Sample 
Site 37 38 42 47 48 49 
Opaque 19.25 11.25 26.00 43.00 33.75 49.50 
andalusite 0.25 0 0 1.50 1.50 0.50 
apatite „0 0.25 0.25 0.75 0  . 0 
var. blue apatite .0 0 0.25 0 0.25 0.25 
biotite 46.50 42.00 34.75 10.50 9.50 17.75 
brookite 0 0 0 0 0 0 
calcite 0 0 0 0 0.25 0 
clinopyroxene 1.25 0 8.75 1.25 5.75 1.25 
diopside 1.25 0 0 0.50 1.00 0.75 
epidote 4.75 1.25 1.00 2.50 2.25 1.75 
fluorite 0 0 0 0 0 0 
garnet-contact 0 0 0 0.25 0 0 
garnet -metamorphic 0 0 0 0 0 0 
hornblende 24.25 20.25 20.25 30.00 33.50 19.50 
hypersthene 0 0 0 1.00 0.50 0.25 
kyanite 0 0 0 0 0 0 
monazite 0 19.50 5.25 4.25 5.75 4.50 
muscovite 0.50 0 0 0 0 0 
Pennine 1.25 0.50 0.50 0.50 1.00 0.25 
rutile " 0 0 0 0 0.50 0 
sillimanite 0 0 0 0 0 0 
sphene 0 4.25 2.00 3,00 3.50 1.50 
spinel 0 0 0 0 0 0 
staurolite 0 0 0 0 0 0 
topaz 0.25 0.50 l.Op 1.00 0.50 2.00 
tourmaline 0-000 0 0 
zircon 0.50 0.25 0 0 0.50 0.25 
zoisite 0 0 0 0 0 0 
Total Count 400    400    400    400     400     400 
160 
Sample • 
Site 50 52 57 58 59 60 
Opaque 55.75 51.25 36.00 37.25 32.00 46.00 
andalusite 0 0.25 0.25 0.25 0.25 0 
apatite 0.25 0.75 0 0.25 0 0 
var. blue apatite 1.00 0.50 0 0 0.5,0 0.75 
biotite 15.75 15.00 9.75 6.75 9.00 14.75 
brookite 0 0 0 0 0 0 
calcite 0 0 0 0 0 0 
clinopyroxene 9.75 1.25 5.00 3.25 1.75 1.00 
diopside 1.00 0 1.25 0.75 0.25 1.25 
epidote 0.50 0 0.25 0.50 0.50 0.25 
fluorite 0 0 0 0 0 0 
garnet-contact 0 0 0 0 0 0 
ga'rnet-metamorphic 0 0 0 0 0 0 
hornblende ■ 14.75 20.50 43.25 47.00 49.50 32.25 
hypersthene 0.25 0.50 4.25 2.25 4.50 1.75 
kyanite 0 0 0 0 0 0 
monazite 0.75 3.50 0 1.25 1.75 0.50 
muscovite 0 0 0 0 , o - 0 
Pennine 0 0.50 0 0 0 P 
rutile 0 0.25 0 0 0  ^ 0 
silliraanite 0 0 0 0 0 0 
sphene 0 1.75 0 0.25 0 0.25 
spinel 0 0 0 0 0 0 
staurolite 0 0 0 0 0 0 
topaz 0 0.50 0 0 0 1.00 
tourmaline 0 0 0 0 0 0 
zircon 0.25 3.50 0 0.25 0 0.25 
zoisite 0 0 0 0 0 0 
Total Count 400 400 400 400 400 400 
161 
Sample 
Site 61 62 63 64 67 68 
Opaque 25.50 57.00 10.50' 45.75 18.75 27.75 
andalusite 0.25 0 0 0.25 1.00 0 
apatite 0.50 0 0 6.25 0.50 0.25 
var. blue apatite 0.25 0 0.25 0 1.50 0.50 
biotite 41.75 13.25 33.00 7.25 20.25 20.00 
brookite 0 0 0 0 0 0 
calcite 0 0 0 0 0 0 
clinopyroxene 4.50 1.50 8.50 19.50 14.25 19.75 
diopside 1.50 0.75 0.50 0 1.25 0.25 
epidote 0.50 1.75 0.25 0.50 1.00 0.25 
fluorite 0 0 0 0 0 0 
garnet-contact 0 0 0 0 0 0 
garnet-metamorphic 0 0 0-" 0 0 0 
hornblende 21.00 21.75 44.75 21.25 35.50 26.50 
hypersthene 1.00 1.75 2.00 0.75 0.75 2.25 
kyanite 0 0 0 0 0 0 
monazite 1.50 1.75 0.25 2.25 3.00 0 
muscovite 0 0 0 0 0 0 
Pennine 0 0 0 0.25 0 0.25 
rutile 0 0 0 0 0 0 
sillimanite 0 0 0 0 0 0 
sphene 1.50 0.25 0 1.25 1.25 0.75 
spinel 0 0 0 . 0 0 0 
staurolite 0 0 0 0 0 0 
topaz 0 0 0 0 0.75 1.50 
tourmaline 0 0 0 0 0 0 
zircon 0.25 0.25 0 0.75 0.25 0 
zoisite 0 0 0 0 0 0 
Total Count 400 400 400 400 400 400 
162 
Sample 
Site 69 70 71 72 73 74 
Opaque 44.00 22.50 58.25 67.00 5.25 38.25 
andalusite 0 0 0 0 0 0 
apatite 0.75 0 0 0 0.25 0.25 
var. blue apatite 0.50 0.50 0 0 0.25 0.25 
biotite 11.75 40.50 6.50 19.50 77.50 16.00 
brookite 0 0 0 0 0 0 
calcite 0 0 0 0 0 0 
clinopyroxene 12.75 7.25 15.00 2.00 4.00 15.25 
diopside 1.25 0 0.25 0 0 0.75 
epidote 1.75 0 0.50 0 0 0.75 
fluorite 0.50 0 0 0 0 0 
garnet-contact 0 0 0 0 0 0 
garnet-metamorphic 0 0 0 0 0.25 0 
hornblende 18.75 26.00 14.50 10.50 11.75 22.50 
hypersthene 0.75 0.25 3.50 0 0 3.50 
kyanite 0 0 0 0 0 0 
monazite 4.25 1.00 0.75 0 0.25 0.50 
muscovite 0 0 0 0 0 0 
Pennine 1.75 0 0.25 0.75 0 0.50 
rutile 0 0 0 0 0 0.25 
sillimanite 0 0 0 0 0 0 
sphene 1.25 1.00 0.25 0.25 0 1.25 
spinel 0. 0 0 0 0 0 
staurolite 0 0 0 0 0 0 
topaz 0 0.75 0.25 0 0.25 0 
tourmaline 0 0 0 0 0 0 
zircon 0 0.25 0 0 0.25 0 
zoisite 0 0 0 0 0 0 
Total Count 400 400 400 400 400 400 
163 
Sample 
Site 76 77 78 79 84 
,' 
85 
Opaque 22.75 54.50 33.75 91.25 56.50 7.25 
andalusite 0.25 0.25 0.50 0 0.25 0.25 
apatite 0 0 0.50 0 0 0 
var. blue apatite 0.50 0 0 0 0 0 
biotite 6.50 25.50 29.75 5.50 12.25 66.00 
brookite 0 0 0 0 0 0 
calcite 0 0 0.25 0 2.25 2.00 
clinopyroxene 26.25 1.00 0.25 0.75 1.00 0.50 
diopside 0.50 0 0 0 1.75 0 
epidote 1.00 0.25 1.00 0 0 0 
fluorite 0 0 0 0 0 0 
garnet-contact 0 0 0 0 0 0 
garnet-metamorphic 0 0 0 0 0 0 
hornblende 28.50 16.25 26.25 1.75 22.50 22.25 
hypersthene 7.50 0.25 0 0 0.25 0.25 
kyanite 0 0 0 . 0 0 0 
monazite 4.00 0.50 2.50 0.25 1.00 1.25 
muscovite 0 0 0 0 0 0 
Pennine 0 1.00 2.75 0.50 1.25 0 
rutile 0 0 0 0 0.25 0 
sillimanite 0 0 0 0 0 0 
sphene 1.825 0.50 1.00 0 0.25 0.25 
spinel 0 0 0 0 0 0 
staurolite 0 0 0 0 0 0 
topaz 1.00 0 1.50 0 0.50 0 
tourmaline 0 0 0 0 0 0 
zircon 0 0 0 0 0 0 
zoisite 0 0 0 0 0 0 
Total Count 400 400 400 400 400 400 
164 
Sample 
-■•*. 
Site 86 87 88 93 94 " 96 
Opaque 32.50 88.25 75.00 11.50 12.50 12.50 
andalusite 0.50 0 0 0 .' 0. 0 
apatite 0 0 0 0 0 0 
var. blue apatite 0 0 0 0 0 0.25 
biotite 10.75 6.75 7.50 25.50 35.50 44.00 
brookite 0 0 0 0 0 0 
calcite 3.75 1.25 11.25 0 0.75 0 
clinopyroxene . 4.50 0.25 2.00 0.75 0.50 6.00 
diopside 0 0 0.50 0.50 0 10.00 
epidote 0.25 0 0 1.25 0.25 0.50 
fluorite 0 0 0 0 0 0 
garnet-contact 0 0 0 0 0 0 
garnet^netamorphic 0.75 0 0 0 0 0.25 
hornblende 39.50 3.25 3.50 41.50 38.75 25.00 
hypersthene 0.75 0 0 0 0 0 
kyanite 0 0... 0 0 0 0 
monazite 3.00 0 0 8.75 8.50 0.75 
muscovite 0 -0 0 0 0 0 
Pennine 1.00 0.25 0.25 3.50 1.00 0 
rutile 0.25 0 0 0 0 0 
sillimanite 1.00 0 0 0 0 0 
sphene 1.50 0 0 5.25 1.50 0.50 
spinel 0 0 0 0.25 0 0 
staurolite 0 0 0 0 0 0.25 
topaz 0 0 0 1.25 0.50 0 
tourmaline 0 0 0 0 0 0 
zircon 0 0 0 0 ,0.25 0 
zoisite 0 0 0 0 0 0 
Total Count 400 400 400 400 400 400 
165 
Sample 
Site 97 98 100 101 102 104 
Opaque 18.25 0.75 8.50 3.25 14.50 2.25 
andalusite            0 0 0     0      0 0 
apatite              0 0.50 1.00 0 0.25 0 
var. blue apatite      0 0 0 0 0.25 0 
biotate 11.00 57.50 28.00 64.00 27.50 75.00 
brookite              0 0 0     0      0 0 
calcite              0 6.50 0.75 0.50 2.00 0.50 
clinopyroxene 10.00 0 2.50 0.50 0.75 1.25 
diopside 18.25 17.25 12.75    0 4.50 1.50 
epidote 1.25    0 1.00    0 1.00 0.25 
fluorite              0     0 0     0      0 0 
garnet-contact         0 0 0     0      0 0 
garnet-metamorphic 2.75 1.00 0.25    0 0.25 0 
hornblende 36.75 13.00 41.00 25.00 35.50 17.75 
hypersthene 0.25    0 0     0      0 0 
kyanite 0     0 00 
monazite 0.25    0 1.50 2.75 6.75 0 
muscovite             0     0 0     0      0 0 
Pennine              0     0 0 2.75 2.25 ' 1.00 
rutile 0.50    0 0     0      0 -0 
sillimanite           0 0.25 0     0 0.50 0 
sphene 0.25 0.25 0.75 1.00 2.00 0 
spinel               0 0.25 0     0      0 0 
staurolite 0.50 2.75 1.25    0 0.25 0 
topaz                 0      0 0.75 0.25 1.25 0.25 
tourmaline            0     0 0     0      0 0 
zircon               0     0 0     0 0.50 0.25 
zoisite              0     0 0     0      0 0 
Total Count 400    400    400    400'' 400     400 
166 
Sample 
Site 107 , 108 109 114 116 118 
Opaque 26.75 39.00 21.00 9.00 47.75 22.50 
andalusite 0 0 0.50 0 0 0 
apatite 0 0 1.00 0.25 0.25 0 
var. blue apatite 0 0 0.50 0 0.25 0 
biotite 33.00 4.25 9.00 42.75 ' 6.50 28.50 
brookite 0 0 0 0 0 0 
calcite 12.75 0.25 0 0 19.25 3.75 
clinopyroxene 1.25 21.00 29.75 5.25 1.00 0.50 
diopside 1.25 0.50 1.00 7.00 5.00 6.00 
epidote 0 2.00 1.00 0.50 0.50 0.50 
fluorite 0 0 0 0 0 0 
garnet-contact 0 0 0 o- v  0 0 
garnet-metamorphic 0 0 0.25 1.25 0.25 0.50 
hornblende 22.50 21.75 26.75 29.75 17.50 34.00 
hypersthene 0.25 5.50 6.00 0 0 0.25 
kyanite 0 0 0 0 0 0 
monazite 0.75 2.00 2.00 1.75 0.50 0.25 
muscovite o- ' 0 0 0 0 0 
pennine 1.00 1.25 0.25 0.50 1.00 1.25 
rutile 0 0 0 0 0 0 
sillimanite 0 0 0 0 0 0 
sphene 0.25 1.25 0.75 1.00 0 1.75 
spinel 0 0 0 0 0 0 
staurolite 0.25 0 0 0.25 0.25 0 
topaz 0 1.25 0.25 0.75 0 0.25 
tourmaline 0 0 0 0 0 0 
zircon 0 0 .  0 0 0 0 
zoisite 0 0 0 0 0 0 
Total Count 400 400 400 400 400 400 
167 
Sample 
Site 119 120 121 122 125 126 
Opaque 35.50 18.75 16.75 31.00 31.00 29.50 
andalusite 0.50 0 0 0 0 0 
apatite 0.25 0.50 0.25 0 0 0.25 
var. blue apatite 0 0 0 0.50 0 0 
biotite 26.00 47.75 45.00 6.50 43.75 24.75 
brookite 0 0.50 0.25 0.25 0 0 
calcite 0 0 0 0 0. 0 
clinopyroxene 6.50 1.00 1.25 ' 3.75 1.25 2.00 
diopside 2.50 1.00 4.50 4.00 2.25 1.25 
epidote 0.25 0.50 0 0 0 0 
fluorite 0 0 0 0 0 0 
garnet-contact 0 0 0 0 0 0 
garnet-metamorphic 0.25 1.00 0.75 1.50 0 0.25 
hornblende 25.00 26.50 27.25 47.75 19.75 38.50 
hypersthene 0.25 0 1.00 3.00 0 0.75 
kyanite 0 0 0 0 0 0 
monazite 0 0.25 0.50 0 0.50 0.50 
muscovite 0.25 0 0 0 0.25 0.25 
Pennine 1.00 0.50 0 0 0 0 
rutile 0 0 0 0 0.25 0 
sillimanite 0.25 0 0 0 0 0 
sphene 0.50 0.75 1.25 0 0.25 0.50 
spinel 0 0 0 0 0.25 0 
staurolite 0.25 0 0 0.25 0 0.25 
topaz 0.25 1.00 0.75 1.50 0.25 1.00 
tourmaline 0 0 0 0 0 0 
zircon 0.50 0 0.50 0 0.25 0.25 
zoisite 0 0 0 0 0 0 
Total Count 400 400 400 400 400 400 
±* 
168 
Sample 
Site 127 129 132 133 134 135 
Opaque 18.-00 84.50 56.00 76.50 47.00 71.25 
andalusite 0 0 0.50 0 0 0 
apatite 0 0.25 0.25 0.25 0 0 
var. blue apatite 0 0 0.25 0 0 0 
biotite 48.50 8.75 34.50 5.50 43.00 15.00 
brookite 0 0 0 0 0 0 
calcite 0 0 0 0 0 0 
clinopyroxene 0 0 0.25 0.75 0.75 0 
diopside 3.25 ;.oo 0.75 3.75 0.75 0.25 
epidote 0 0 0 0.50 0.25 0 
fluorite 0 0 0 0 0 0 
garnet-contact 0 0 0 0 0 0 
garnet-metamorphic 0.25 0 0 0.25 0.25 0 
hornblende 27.50 4.25 4.25 8.50 6.25 9.00 
hypersthene 0 0 0 0 0 0 
kyanite 0 0 0 0 0 0 
monazite 0.50 0.75 0.75 1.00 0.50 0.75 
muscovite 0.25 0 0 0 0 0 
pennine 0.50 0.25 0 0 0 2.75 
rutile 0 0 0 0 0.25 0 
sillimanite 0 0 0 0.25 0 0 
sphene 0.25 0 2.00 0.75 0.75 1.00 
spinel 0 0 0 1.50 0 0 
staurolite 0 0 0 0 0 0 
topaz 0.50 0 0.25 0 0 0 
tourmaline 0 0.25 0.25 0 0 0 
zircon 0.50 0 0 0.50 0 0 
zoisite 0 0 0 0 0.25 0 
Total Count 400 400 400 400 400 400 
169 
Sample 
•» 
Site ' 137 138 139 141 142 146 
Opaque 75.25 57.75 28.25 95.75 48.75 69.00 
andalusite 0.75 0.25 0.75 0 0 0*25 
apatite 0 0.25 0.75 0 0 0 
var. blue apatite 0 0.25 0 0 0 0 
biotite 9.75 26.75 28.75 2.00 3.50 6.75 
brookite 0 .0 0.25 0 0 0 
calcite 0 0 0.25 0 0 0 
clinopyroxene 1.50 0.75 3.25 0.75 15.25 6.75 
diopside 1.75 0.50 5.00 0 0.50 1.00 
epidote 0.25 0 0.25 0 0 0.25 
fluorite 0 0 0 0 0 0 
garnet-contact 0 0 0 0 0 0 
garnet-metamorphic 0 0 0.50 0 0 0 
hornblende 4.50 10.50 28.25 1.00 28.50 13.75 
hypersthene 0 0 0 0 2.75 0.25 
kyanite 0 0 0 0 0 0 
monazite 1.75 0.75 0.25 0 0 0 
muscovite 0 0 0.25 0 0 0 
pennine 0.25 0.50 0 0.25 0 0.25 
rutile ; 0.25 0.25 . 0 0 0 0.50 
sillimanite 0.25 0 0 0 0 0 
sphene 2.75 0.50 0.50 0 0 0 
spinel 0.25 0.25 0.50 0 0.25 0 
staurolite 0 0.25 0.25 0 0 0.25 
topaz 0 0 1.00 0.25 0.25 0.50 
tourmaline 0 0.25 0 0 0 0.25 
zircon 0.75 0 0.75 0 0.25 0.25 
zoisite 0 0.25 0.25 0 0 0. 
Total Count 400 400 400 400 400 400 
170 
Sample 
Site 147 148 149 150 151 152 
Opaque 68.00 56.75 31.75 46.75_ 48.75 48.00 
andalusite 0.25 0 0.25 0.25  •  0 6.50 
apatite 0 0     0     0 0      0 
var. blue apatite 0.25 0     0     0 0      0 
biotite 5.5» 9.50 7.00 8.50 8.75 13.50 
brookite 0 0     0     0 0      0 
calcite 0 0     0     0 0      0 
clinopyroxene 8.75 7.00 11.50 4.25 5.75 12.00 
diopside 0.75 1.75 3.00 3.00 3.75 2.50 
epidote 0 0     0 0.25 0      0 
fluorite 0 0     0     0 0      0 
garnet-contact 0 0     0     0 0      0 
garnet-metamorphic 0 0     0 0.50 1.00 0.75 
hornblende 14.25 23.00 44.25 32.75 26.00 19.50 
hypersthene 2.00 1.00 1.50 1.00 0.75 1.75 
kyanite 0 0     0     0 0.25    0 
monazite 0 0     0 0.25 0.50     0 
muscovite 0 0     0 0.50 0      0 
Pennine 0 0.25    0     0 0.75 0.25 
rutile 0.25 0.25    0 0.25 0.25     0 
sillimanite 0 0     0 0.50 0.75     0 
sphene 0 0 0.25 0.25 1.00     0 
spinel 0 0     0     0 0.25 0.25 
staurolite 0 0     0     0 0.75     0 
topaz 0 0.50    0 0.25 0 0.50 
tourmaline 0 0     0     0 0      0 
zircon 0 0 0.50 0.75 0.75 0.50 
zoisite 0 0     0     0 0      0 
Total Count 400    400    400    400     400    400 
171 
Sample 
Site 153 154 155 156 157 159 
Opaque 68.50 58.50 51.75 64.75 59.25 37.50 
andalusite 0.25 0.25 0 0 0.25 0. 
apatite 0.25 0 0.25 0.25 0 0 
var. blue apatite 0.25 0 0 0 0 0 
biotite 5.00 14.00 23.00 11.00 5.00, 39.75 
brookite 0 0 0 0 0 0 
calcite 0 0 0 0 2.75 1.75 
clinopyroxene 6.50 5.00 5.00 6.00 8.00 3.00 
diopside 1.00 3.00 0.75 2.75 5.00 2.50 
epidote 0 0 0.25 0.25 0 0 
fluorite 0 0' 0 0, '  0 0 
garnet-contact 0 0 0 0 . 0 0 
gar ne t-rme tamor ph i c 0.25 0.75 0.25 0.25 0 0 
hornblende 13.75 15.50 17.00 11.50 17.25 13.00 
hypersthene 2.00 1.25 0.50 0.75 0.75 0.25 
kyanite 0 0 0 0 0 0 
monazite 0.25 0 0.25 0 0 0.25 
muscovite 0 0 0 0 0 0 
Pennine 0 0 0 0 0 0.50 
rutile 0 0.50 0 0.25 0 0 
sillimanite     -^ 0 0 0 0.25 0.50 0 
sphene        '' 0 0 0.25 0 0 0.75 
spinel . 0.25 0 0 0.25 0.75 0.25 
staurolite 0.50 0.25 0.25 0.75 0.50 0.50 
topaz 0.50 0 0.50 0.50 0 0 
tourmaline 0.25 0 0 0 0 0 
zircon 0.50 1.00 0 0.50 0 0. 
zoisite 0 0 0 0 0 0 
Total Count 400 400 400 400 400 400 
172 
Sample 
Site 160 161 163 164 165 
Opaque 15.50 36.75 41.00 27.25 19.75 
andalusite 0 0.25    0 0.50     0 
apatite 0 0.25    0 0.50 0.25 
var. blue apatite 0 0     0 0.25 0.25 
biotite 33.00 7.00 9.50 17.00 11.75 
brookite 0 0     0 0      0 
calcite 2.25 0.25 0.25    0      0 
clinopyroxene 3.50 10.50 15.75 10.00 31.50 
diopside - 4.75 3.75 5.00 6.75 4.25 
epidote 0.50 0.25    0     0      0 
fluorite 0 0.0     0      0 
garnet-contact 0 0     0     0      0 
garnet-metamorphic 0.50 0 0.25 1.25 0.25 
hornblende 34.50 39.00 22.50 30.75 24.00 
hypersthene 0 0.75 2.00 1.50 4.25 
kyanite 0 0     0     0      0 
monazite 1.25 0 0.25 1.00 0.50 
muscovite 0.25 0     0     0      0 
Pennine 0.75 0.50    0 ' 0 0.25 
rutile 0 0 0.25 0.50 0.25 
sillimanite 0 0.25    0     0      0 
sphene 2.00 0.25 2.00 1.50 2.25 
spinel 0.25 0.25    0     0      0 
staurolite 0.25 0 0.50 0.50 0.25 
topaz 0.25 0 0.25    0 0.25 
tourmaline 0 0     0     0      0 
zircon 0.25 0 0.50 0.75    0 
zoisite 0.25 0     0     0      0 
Total Count 400    400    400    400     400 
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APPENDIX IV 
Suggestions for Further Research 
In the course of this investigation several interesting problems 
arose which may be of interest to future workers in the area: 
1. Extend investigation downstream along the Big Lost River to 
find the maximum extent of jBkulhlaup deposited debris and 
relate to pebble and heavy mineral dispersion patterns. 
Measure maximum boulder sizes in a downstream direction in an 
attempt to document th§ velocity and volume of flood water. 
2. Volcanic glass was present in the light fraction from Deer 
Creek (sample 73). Look into the possibilities of identifying 
the source and occurrence; and the feasibility for use as a 
marker horizon. 
3. Look at the weathering ratios of different heavy minerals in an 
attempt to establish another method of relative age dating the 
deposits in the area. 
4. Examine the 30 and 40 size fractions for variations in heavy 
mineral content since certain minerals may be concentrated in 
the larger (30) or smaller (40) size fractions depending on 
size and shape (cleavage) with respect to the sieve mesh. 
5. Further examination of the pleochroic blue apatite in an 
attempt to differentiate the minerals igneous origin from other 
occurrences given the petrologic affinity of the blue variety 
to granitic pegmatites.  ' • 
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